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Designers of medium power transmitters will want 
to know more about the Ediswan ESA.2500. 
The Ediswan ESA.2500 is a forced air cooled 
triode designed for use as an R.F. Amplifier or 
Oscillator. The design of the valve is such that lead 
inductance is minimised and the valve is, therefore, 
particularly suitable for H.F. application. 





RATING 
Filament Voltage (volts) Vr 8.0 
Filament Current (amps) Ir 80.0 
Maximum Anode 
Voltage (volts) Va(max) 7,500 
Average Maximum Fila- 
ae Fe, 4.5 EE AVERAGE CHARACTERISTIC CURVES 
Maximum Anode : 
Dissipation (kW) Wa(max) 25 
Mutual Conductance 
(mA/V) gm +35 
Amplification Factor a * 55.0 
Anode Impedance 
(ohms) fa * 10,000 
Maximum Operating 
Frequency at full rating +40 Mc/s 
* Taken at Va=7,000v; }g=400 mA. 
t At higher frequencies the maximum permissible 
anode voltages and inputs must be reduced. 


REDIFON G.41. snort wave 
TRANSMITTER USES THE E.S.A. 2500 
IN MODULATOR AND OUTPUT STAGES 


This medium power short wave Transmitter 
can be used for Telegraphy, Telephony 
or Broadcast services in any part of the 
world. Power output is 5-7-5 kW on 
Telegraphy. Frequency range 2 to 23 Mc/s. 


ANODE VOLTAGE IN kV 


EDISWAN 


INDUSTRIAL AND TRANSMITTING VALVES 


THE EDISON SWAN ELECTRIC CO. LTD. 
155 CHARING CROSS ROAD, LONDON, W.C.2 
Member of the A.E.1. Group of Companies 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 


The line averages seven words.) Box number 2/- extra, except in the case of advertisements in “Situations Wanted,” when it is added 
* or 12 lines) the charge is 30/- per inch, single col P t and C 
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to: ‘* Electronic Engineering,’’ 28, Essex Street, Strand, London, 
month for insertion in the following issue. 
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OFFICIAL APPOINTMENTS 


COUNTY OF LEICESTER. Loughborough 
College of further Education. Applications are 
invited for an assistant to teach Physics to 
Advanced Level GC.E., and _ Engineering 
Physics to the requirements of the I.E.E., and 
to take up duties on, or before, Ist September, 
1955. Ability to teach Chemistry to G.C.E. 
Ordinary Level, and to supervise the equipping 
and maintenance of science laboratories would 
be advantages. Salary is in accordance with 
the Burnham Technical Scale, Grade B, viz. 
£525x25 to £820, with hn gig allowances 
for Degree, training, teaching and industrial 
experience. Further particulars and application 
form, which is to completed within 14 
days of this advertisement, can be obtained 
from the undersigned. D. J. Lysaght, M.Sc., 
Ph D., Principal, Loughborough College of 
Further Education, Loughborough. 2905 


EXPERIENCED ELECTRONIC ENGINEER 
required for work in London with Research 
Unit of Medical Research Council. Sound 
knowledge needed of audio-frequency _and 
servo/mechanical development work. Good 
—— experience and qualifications required. 
xcellent prospects. ly to The Secretary, 

Research nit, Medical Research 
i uare, 
2907 


HER MAJESTY’S OVERSEA CIVIL SERVICE. 
A limited number of vacancies exist in Her 
Majesty s Oversea Civil Service (mainly in 
Africa and the Far East) for Pupils and Pro- 
bationers in Civil .-—~¢ and for Pupils 
in Mechanical and Electrical Engineering (in- 
cluding telecc ications). Candidates should 
hold a University Degree or other qualifica- 
tion which exempts from the Final Parts I 
and II of the examinations for Associate 
Membership of the Institution of Civil En- 
gineers, or Sections A and B of the Examina- 
tions of the [Institutions of Mechanical or 
Electrical Engineers. Engineering students whose 
Degree examinations take place later this year 
may apply and will, if selected, be offered 
appointment subject to their passing their final 
examinations. Applications should reach_ the 
Director of Recruitment Colonial Office, Sanc- 
tuary Buildings, Great Smith Street, London, 
W.1, in writing, by the 12th March 1955, 
ving brief details of candidate’s age, quali- 
ications and experience, and quoting Refer- 
ence BCD/100/011/. Further details on 
request. W 2892 
JUNIOR APPARATUS TECHNICIAN required 
to assist in the building of scientific apparatus. 
Applicants shguid be working for City and 
Guilds certificates or the Ordinary National 
Certificate in electrical or radio engineering. 
Salary scale £150 (age 16) to £393 a year. Appli- 
cation forms, to be returned within 7 days, from 
Secretary, Institute of Psychiatry, Mauds'ey 


Hospital, Denmark Hill, London,  S.E.5 
(MRC). W 2768 


MINISTRY OF SUPPLY requires Engineers in 
London to help supervise inspection of all 
types electronic equipment. Qualifications. 
ritish of British parents. Recognized en- 
y WRK apprenticeship, or equivalent, and 
A.M.ILC.E. or M.E. or E.E. or exempting 
qualifications. Sound knowledge modern in- 
Spection methods; experience planning inspec- 
tion and snewat staff essential. Salary within 
£675 (age 25)-£1,035. Not established but 
Opportunities to compete for establishment may 
arise. Application forms from ML. & N.S., 
Technical and Scientific Register (K). 26 King 
Street, London, S.W.1, quoting D 29/5.A 
Closing date 11th March, 1955. 2847 
MINISTRY OF SUPPLY, require Technical 
Authors at Chessington, Farnborough and 
Malvern to prepare instructional handbooks on 
theoretical and practical aspects (including 
servicing) of airborne and ground equipments 
for radio control, communication and_navi- 
gation including radar. Qualifications: British 
of British parents. Recognized engineering 
oreo or equivalent. Possession of 
-N.C. or equivalent desirable. Salary: Within 
£660-£791 according to age and location of 
— Further particulars and application form 
om A.B. 101 London Appointments , 
Ministry of Labour & National Service, 1-6 
Tavistock Square, W.C.1 W 2885 


Otological 
Queen 


Council, National Hospital, 
W.C.1. 
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NEW ZEALAND AIR DEPARTMENT. Appli- 
cations are invited from male communicator: 
for employment in the Civil Aviation Admini- 
stration of the Air Department in New 
Zealand. Age preferably 21 to 35 years. Appli- 
cants should possess morse operating speed of 
20-25 w.p.m., ability to touch-type and should 
be fit for tropical service. Initial salary in 
accordance with qualifications and experience 
up to £NZ705 p.a. Advancement on merit is 
ossible to £NZ785 p.a. with prospects of 
ligher positions. Further information, condi- 
tions of service and application forms may be 
obtained on request from: The High Comis- 
sioner for New Zealand, 415 Strand, London, 
W.C.2, quoting reference number 3/47/47 and 
mentioning this paper. Completed applications 
in duplicate accompanied by copies only of 
two recent testimonials (also in duplicate), to 
be lodged not later than 31st March, 1955 201 


PHYSICIST OR ELECTRICAL ENGINEER 
required at Ministry of Supply Experimental 
Establishment in Cumberland in connexion 
with new optical and electronic instrumenta- 
tion equipment to be used on ballistic trials. 
Quals.: Higher School Certificate (Science) or 
equivalent but possession of a Degree or 
H.N.C. may be an advantage. Some experience 
appropriate to above duties desirable. Salary 
within Assistant Experimental Officer range 
£288 10s. (age 18)—£640. Women somewhat 
less. Application forms from M.L.N.S.,, 
Technical and Scientific Register (K), 26 
King Street, London, S.W.1., quoting A29/5A. 
Closing date 11th March, 1955 W 2886 


TECHNICIAN required for duties in the 
Department of Applied Electro-Physiology. 
Good knowledge of electronics with experience 
in the construction and maintenance of elec- 
tronic apparatus. Salary ——s to age and 
experience. Applications to The creer The 
National Hospital, Queen Square, W. an ae 





THE UNITED K{NGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires 
an Engineer (basic grade) for the engineering of 
special electronic and light mechanical equip- 
ment to meet scientists’ requirements, and 
progressing to final small scale production. 
Applicants should have served a_ recognized 
apprenticeship and be Corporate Members of 
the Institution of Electrical & Mechanical 
Engineers, or have exempting qualifications. 
They should have a knowledge of special pur- 
pose electronic equipment (such as oscilloscopes 
employing high speed time bases, pulse genera- 
tors, video amplifiers and stabilized power 
supply units). A knowledge of the mechanical 
design problems associated with the manufac- 
ture of electronic equipment would be an advan- 
tage. The salary scale is £695 (linked to age 
28) to £1,065 (male) per annum. The success- 
ful applicant will be required to join the 
Authority’s Principal Superannuation Scheme 
which is contributory. Housing will be avail- 
able within a reasonable period for married 
officers who live outside the Establishment’s 
transport facilities. During this period, lodg- 
ing allowance may ,be payable to suitably 
qualified candidates. Application form from 
Senior Recruitment Officer, A.W.R.E, Alder- 
maston, Berks. Quote Ref. OT OT aang 





essential. The appointment is at the applica- 
tional research centre of a Major Oil Company 
near Chester. Starting salary according to age 
and experience. Attractive Pension nefits. 
Write giving full details to Box ZV, 707 
Deacon’s Advertising, 36 Leadenhall Street, 
London, E.C.3. W 2843 


A FIRM OF established reputation requires 
transistor circuit engineers for design and 
development work in their research laboratory. 
Experience in this field desirable, but not essen- 
tial. Applicants should possess a physics or 
engineering Degree or equivalent qua ification; 
a sound basic knowledge of circuit analysis is 
essential. Pension Scheme. Applicants must 
be of British Nationality. Location S.W. Lon- 
on. Box No. 8672, 15 Hill Street. Lon- 
don, W.1. W 2860 


ANALOGUE COMPUTORS and _ Instrument 
Servo-mechanisms. Vacancy for an Electronic 
Development Engineer with experience in the 
above fields for work on interesting and varied 
projects. Candidates should be of Degree 
standard in Physics or Engineering, with some 
years’ industrial experience. Good prospects 
with progressive firm in Surrey area. rite 
giving full details of experience and salary re- 
quired. Ref. S.P.D.2. Box No. W 1279. 


AN ELECTRONIC or electrical engineer, 
between the ages of 25 and 35 years, of Degree 
standard is required to take charge of the 
engineering department of a factory engaged 
in the manufacture of frequency control equip- 
ment. The successful applicant will be responsi- 
ble for the design and specification of all new 
items as well as routine engineering problems. 
The position offers a wide scope for a person 
possessing the necessary technical qualifications 
and initiative to expand the work along numer- 
ous channels. Houses can be made available 
to successful applicants. Apply in writing to 
the Personnel Manager, Standard Telephones 
and Cables Ltd., Crystal Factory, Industrial 
Estate East, Harlow, Essex. 





AN EXCELLENT OPPORTUNITY occurs 
for a Methods Engineer in a modern organi- 
zation engaged in the manufacture of small 
mechanical and electrical products. The posi- 
tion offers ample scope for a man with a wide 
experience and who is capable of interpreting 
new ideas into practical application. Appli- 
cations, which will be treated in strict confi- 
dence, are invited from Production Engineers 
with a practical time and motion study back- 
ground. London area. This vacancy is one of 
a permanent nature and offers a Superannua- 
tion and Insurance Scheme. Please reply, giving 
full details, to Box No. W 2880 





AN EXPANDING instrument tirm pioneering 
new developments in the field of radiation 
physics has vacancies on its research staff for 
senior Electronic Engineers or Physicists with an 
electronic background. Applicants should have 
a sound theoretical training and considerable 
practical experience. The posts would be of 
particular interest to those who wish to ob- 
tain experience in new fields of electronic tech- 
nology. The laboratory is pleasantly situated 
in Surrey and a Pension Scheme exists. Box 
No. W 2719. 





SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 





A _DRAUGHTSMAN preferably under 30 years 
of age, with experience of light electro- 
mechanisms, instruments, or both is required 
for a small team engaged in the design and 
manufacture of special purpose apparatus. A 
sound background of workshop experience is 


A. H. HUNT (Capacitors) Limited, require 
engineers for design and development of paper, 
mica and ceramic capacitors. Applicants 
should have previous capacitor experience, or 
training in electrical engineering at least to 
intermediate B.Sc. standard. Apply Personnel 
Manager, A. H. Hunt (Capacitors) Limited, 
Bendon Valley, Garratt Lane, Wandsworth, 
S.W.18. W 212 





AIRCRAFT ELECTRICAL DESIGN 
DRAUGHTSMEN required. Excellent oppor- 
tunities for advancement. Apply Personnel 
Department, Vickers-Armstrongs Ltd., Hursley 
Park, Nr. Winchester. W 2849 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering _these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, ; 





AN_ INTERNATIONAL light engineering Co. 
in West London has a vacancy for a Senior 
Engineer to develop specialized processes for 
the manufacture of magnetic recording heads. 
Applicants must have development and produc- 
tion experience On magnetic recording equip- 
ment and be qualified to exploit new materials 
and methods of manufacture. Preference will 
be given to applicants with metallurgy qualifi- 
cations. The post is pensionable and the salary 
will be commensurate with ability. Box No. 
W 2842. 


AN EXPANSION OF THE English Electric 
Co.’s Guided Weapons Division at Luton has 
created further vacancies for all grades of 
Senior and Junior Staff for the Electronics 
Department, particularly the following: Senior 
Eng'néer—with experience of production engi- 
neerng of prototype electronic equipment 
coupled with a working knowledge of electronic 
circuitry. Senior Engineer—to lead a large 
group of engineers and junior engineers in 
the development of specialized electronic test 
gear for factory and field use. Senior Engineer 
—with sound fundamental knowledge of elec- 
tronics coup'ed with an ability to apply it to 
general circuit development. Senior Instrumen- 
tation Engineers—with either a Degree or 
H.N.C. together with experience of the design 
of transducers for use with electronic or bridge 
measuring systems. Senior Engineer—to lead a 
small group concerned with the development 
and field trials of ground radar equipment. 
Applicants should have had considerable pre- 
vious experience of similar work. Senior Engi- 
neer—for Radar experiments and maintenance. 
Applicants should have a wide experience of 
Services radar equipments. Senior Engineer— 


for missile telemetry installation planning 
App'icants must be familiar with existing 
telemetry systems and measuring techniques. 


Although no trials work is involved this post 
would suit a man with tria's experience 
Junior Engineers and Laboratory Assistants— 
are also required to assist in the above work. 
Housing assistance will be given in some cases. 
All the above posts are permanent and pro- 
gressive and attractive salaries are offered to 
the successful applicants. A staff Pension 
Scheme is in operation. Applications to Dept. 
C.P.S., 336/7 Strand, W.C.2, quoting Ref. 
S.A. 38B. W 2750 





APPLICATIONS are invited for trainees as 
Studio installation and maintenance engineers 
for home and overseas service with well-known 
television company. Apply Box No. W 2685. 


APPLICATIONS ARE INVITED for post of 
Senior Draughtsman with a well-known Com- 
pany of Instrument Manufacturers. Experience 
in design of small Electro-Mechanical devices 
is essential. Salary in accordance with experi- 
ence. -— am” agencies are invited to reply. 
Write, x 2544, Frost-Smith Advg., 64 
Finsbury Pavement, E.C.2. 2875 


APPLICATIONS are invited for posts 
deve'opment laboratory located in Northamp- 
tonshire. Minimum qualification required is a 
Degree in physics or the equivalent. Experience 
in microwave work would be advantageous. 
Box No. W 2755. 


ASSISTANT CHIEF CHEMIST required for 
Multicore Solders and associated companies’ 
Research Laboratories at Cricklewood, Lon- 
don. Applicants must have a B.Sc. Honours 
Degree or a and experience in syn- 
thetic organic chemistry. A knowledge of 
metallurgy, detergents and soaps would be an 
advantage. Age 32-34. Commencing salary 
£800-£1,000 per annum according to ability and 
experience. Contributory Pension Fund. Write 
in confidence to Managing Director, Multicore 
Solders Ltd., Multicore Works, Hemel Hemp- 
stead, Herts. W 2839 


London, 


in a 
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ASSISTANT TO THE CHIEF ENGINEER re- 
quired by an established instrument company 
in the Home Counties, now pioneering new 
Svenmarts in the field of electronic techno- 
logy. _ While academic qualifications are not 
essential, applicants should have a sound 
theoretical training and considerable practical 
experience. The salary will be according to 
experience—£1.200 per annum is_ envisaged. 
There is a pension scheme. Box No. W 2848. 


A.T. & E. (BRIDGNORTH) LTD., Bridg- 
north, Shropshire, radio telecommunication 
equipment manufacturers, require experienced 
Technical Writer to compile operational and 


technical sales literature for V.H.F. Radio 
Links, Mobile Transmitting and Receiving 
Equipment and Electronic Test Gear. Perma- 


nent and progressive’ position with pension 
scheme, sports and canteen facilities and assis- 
tance with housing accommodation if required. 
App'y to Secretary giving age, qualifications, 
previous experience and approximate salary 
required. W 2903 





AUTOMATIC TELEPHONE & ELECTRIC 
CO. LTD. Liverpool, 7. Communication 
Engineers and Draughtsmen, The expanding 


programme of the Transmission Department 
offers vacancies in both senior and junior cate- 
gories for Line Transmission Laboratory 
Engineers, and Apparatus Design Engineers, 
and also for Draughtsmen with experience in 
telecommunications or light current engineer- 
ing. Specialist experience in any branch of 
Line Transmission Engineering is desirable for 
some of the posts. Positions offered are on 
the Company staff with contributory Pension 
Fund and usual staff conditions. Applicants 
should write to Personnel Manager, Auto- 
matic Telephone & Electric Co. Ltd., Strowger 
Works, Edge Lane, Liverpool, 7, giving full 
details of age, qualifications and ee 4 





AUTOMATIC TELEPHONE & ELECTRIC 
co. +» School of Electronics, Strowger 
Works, Liverpool, 7. Applications are invited 
for the post of full-time Lecturer in the School 
of Electronics. Candidates must hold a 
Degree in electrical engineering which includes 
the subjects, Electronics and Telecommunica- 
tions. Applicants should have had both teach- 
ing and industrial experience, and a knowledge 
of electronic switching techniques would be an 
advantage. Further details and application 
forms may be obtained from the Personnel 
Manager, Automatic Telephone & Electric Co 
Ltd., Strowger Works, Edge Lane, Liverpool. 
7s W 2879 





A VACANCY EXISTS for an engineer to take 
charge of an expinding department engaged on 
the testing of a wide range of electronic equip- 
ment. Applicants should have the following 
qualifications: (a) Ability to organize and con- 
trol staff, (b) A sound technical background 
with, preferably, a H.N.C., (c) Experience of 
V.H.F. and pulse technique, (d) Experience of 
A.I.D. and I.E.M.E. procedure an advantage. 
Situated within 30 miles London. Apply Box 
W 2841. 


BERRY’S (SHORT WAVE) LTD have vacan- 
cies for Sales assistants with good general radio 
knowledge. Interesting work. Permanency. 
Write giving details of experience, age and 
salary required to 25 High Holborn, London, 
WC.l. W 2809 


BRUSH ELECTRICAL ENGINEERING CO. 
LTD., Loughborough, Leics, have vacancies 
for Research Engineers to assist with advanced 
projects connected with the development of 
electrical machines. Men interested in Servo- 
mechanisms, Computers, Ventilation, Insula- 
tion, Mechanical Design or associated techno- 
logies are invited to apply. Candidates should 
possess a good degree in electrical or mechani- 
cal engineering, have previous experience of 
research or development and be prepared for 
further study. Conditions of service include 
good salary and non-contributory staff assurance 
scheme. Please apply with full details to Chief 
Personnel Officer, Brush Electrical Engineering 
Co. Ltd., Loughborough, Leics. W 2815 


CHEMIST OR PHYSICIST, graduate pre- 
ferred with some _ industrial experience, to 
9 


assist in development of sub-miniature electronic 
components. nowledge of new materials and 
Processes and their applications in this field is 
desirable. Write giving details of experience 
and salary required to Manager, Component 
Division, Fortiphone Limited, 247 Regent 
Street. London, W.1. W 2792 


CHEMISTRY AND ELECTRONICS. A Scien- 
tist or Engineer with good qualifications in one 
of these fields and a strong imterest in the 
other is required to carry out development 
work on the application of electronic tech- 
niques to Chemical Analysis. Good salary and 
egg with poos firm in Surrey area. 

rite giving full details of experience and 
salary required. Ref. S.P.D.1. Box No. W 1280. 


CHEMISTS AND PHYSICISTS required for 
the preparation and evaluation of luminescent 
materials for use in a new project. Men of 
graduate standing with relevant experience are 
needed. Salary in accordance with qualifica- 
ott os Location near Northampton. Box No. 


COTTAGE LABORATORIES LIMITED have 
a number of vacancies for scientific and 
engineering appointments at both senior and 
junior levels to undertake interesting and 
original development work. Applicants should 
Possess experience in at least one of the fol- 
lowing subjects: Light Mechanical Engineer- 
ing. Electromechanical Servo Systems. Elec- 
tronic Circuit Design, and for some of the 
posts a knowledge of physics would be an 
advantage. Candidates for the senior grades 
will, in addition, be expected to hold adequate 
qualifications in the appropriate subjects. The 
appointments will carry salaries commensurate 
with the duties and responsibilities involved, 
and are pensionable after one year’s satisfac- 
tory service. Excellent opportunities for pro- 
gressive positions in an expanding organization 
are available to those with real ability and 
initiative. Five-day week with good holidays 
and sick pay. The laboratories are fully pro- 
vided with modern equipment and are situated 
in pleasant country surroundings on the main 
Portsmouth Road with good public transport 
services from Guildford and Kingston pass- 
ing the premises. First-class canteen, sports 
club and recreational facilities. All applica- 
tions should be addressed to the Technical 
Manager at Portsmouth Road, Cobham, 
Surrey, giving full details of qualifications, 
previous experience and salary required, and 
will be dealt with in strictest ee 


DEVELOPMENT ENGINEER 
work on Transistor Oscillators. — 
perience need not include transistor appli 
tions but a fundamental knowledge of time 
base circuits is desirable. Applications to: 
Personnel Manager, Ferguson Radio Corp. 
Ltd., Gt. Cambridge Road, Enfield. W 2889 


DEVELOPMENT ENGINEER required for 
work on transistor amplifiers. Previous experi- 
ence need not include transistor Applications 
but applicant should be conversant with 
general radio engineering practice, in particu- 
lar with negative feedback technique, class B 
amplification and design of detector circuits. 
Applications to: Personnel Manager, Ferguson 
Radio Corp. Ltd., Great Cambridge Road, 
Enfield. W 2887 


DEVELOPMENT ENGINEERS. Qualified men 
with experience, interested in the design and 
development of domestic Radio and_ Televi- 
sion Equipment, are offered interesting and 
progressive work in this Field. Situated in 
Mid'ands. Applicants should write stating 
qualifications and experience to The Personnel 
Manager (Ref. GLB.) Box No. W 2770. 


required for 
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\ * specialists in Rubber and Synthetic Rubber Mouldings for Industry 
\ Manufacturers of Rubber Parts for ROLLS-ROYCE t1o 
SEALS - BONDED PARTS: : CORD RINGS : DIAPHRAGMS - SILICONE RUBBER COMPONENTS 
PRECISION RUBBERS LTD - BAGWORTH -: LEICESTERSHIRE + Phone: BAGWORTH 1241/2 






Not even a guardsman jumps to it like a spring 
made by Lewis of Redditch. We've spent over 
thirty years making them and every one has been 


designed to do a specific job as well as it could possibly 


for : P 
. be done. It’s becoming a habit for progressive 
yliCa- 
time 

to: 
corp. 
2889 


engineers to call us in at the design stage. 
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7 THE LEWIS SPRING COMPANY LIMITED OF REODITCH 


iting 

l 
a RESILIENT WORKS, REDDITCH. Tel: Redditch 720/1/2 SPRINGS, SPRING CLIPS 
PRESSWORK, WIRE FORMS 


‘ Lenden Office: 321 High Holborn, W.C.!. Tel: Holborn 7470 and 7479 VOLUTE SPRINGS 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ts excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








DRAUGHTSMEN. Senior and Junior 
Draughtsmen required for mechanical design 
and detailing of radio, electronic and tele-com- 
munication equipment. Varied and interesting 
work in a rapidly expanding industry, and 
whilst vacancies are mainly for men with elec- 
tro/mechanical experience, applications from 
Draughtsmen wishing to transfer to this type of 
work will be considered. Permanent and pro- 
gressive positions, with pension scheme, sports 
and canteen facilities, and housing accommoda- 
— if pe _ Apply ~} ull details of 
ining and experience, and salary req to: 
Draughtsman, A.T. & E. (Bridgnorth) 

Ltd., Bridgnorth, Shropshire. 2854 


DEVELOPMENT ENGINEERS with communi- 
cation or electronic engineering qualifications 
and some practical experience are required for 
interesting work on cathode-ray oscillographs 
and associated equipment at our new Labora- 
tories. Salaries £400-£800 depending on age 
and qualifications. Write giving full details to: 
Southern Instruments Ltd.. Oscillograph Divi- 
sion, Camberley, Surrey. W 1245 


DIVISIONAL SALES AND CONTRACTS. 
Manager required. For expanding medium 
sized electronics company. Applicants should 
be capable forthwith of initiating and negoti- 
ating development and manufacturing contracts 
in the electronic field and also at a_ later 
date establishing a sales organization for a 
commercial product. opportunity for a 
man with initiative, prepared for hard work, 
and capable of earning £2,000 per annum. 
Salary will include basic payment and commis- 
sion by arrangement. Applications invited in 
confidence to Ref. S.P.D.3. Box No. W 1278. 


DRAUGHTSMEN: Vacancies ffor senior 
draughtsmen with experience of Electronic 
and/or Electro-mechanical engineering required, 
preferably with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
strict confidence and should give full chrono- 
logical details of qualifications, experience and 
age to: John A. Smith Ltd., 24 Lichfield Street, 
Wolverhampton. W 201 





ELECTRICAL AND MECHANICAL ENGIN- 
EERS. Sunvic Controls Ltd. (a subsidiary of 
Metropolitan-Vickers Electrical Co. Ltd.) have 
the following vacancies in their new Develop- 
ment and Production Units at Harlow. 1. 
Graduate Engineer with experience in design or 
development of electro-mechanical mechanisms 
and their application to instrument problems. 
2. Graduate engineer with practical experience 
in the development of electronic equipment 
and preferably a knowledge of the latest 
development in pulse techniques. 3. Applica- 
tion engineer of degree standard with experi- 
ence-in the application of electronic techniques 
to industrial and process control problems. 
The above positions are ‘permanent and offer 
excellent prospects for promotion in a team 
engaged on the development and manufacture 
of a wide range of new instruments. Salaries 
will be according to age and ability. The Com- 
pany’s contributory pension scheme applies in 

cases, and housing is available if required. 
Reply in writing, giving full particulars of age, 
experience, qualifications and present situation, 
to Chief Engineer, Sunvic Controls Ltd., 
Harlow, Essex. W 209 





ELECTRICAL ENGINEER, age 25 to 30, pre- 
ferably graduate with light current experience 
required at our Weybridge Office for detail 
engineering and contract work on E.H.T 
transmission equipment and control. 
Kennedy & Donkin (Ref. MVR), 

Street, London, S.W.1. 


ELECTRICAL/ELECTRONIC ENGINEER. 
Vickers-Armstrongs Limited, Supermarine 
Works, require for employment at their experi- 
mental Airfield, graduate with research and 
development experience in electronic and elec- 
tromechanical devices and/or recording equip- 
ment for interesting work on ground and air- 
borne measuring apparatus; the right man for 


Apply 
12 (pies 
W 2785 
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this post will be keen to suggest and assess new 
techniques and to design and engineer suitable 
and workmanlike equipment. Permanent pen- 
sionable post with good prospects for suitable 
engineer. Apply Personnel Department, 
Hursley Park, Nr. Winchester. W 2856 


ELECTRICAL ENGINEERS OR PHYSICISTS 
who have — with a University Degree 
or Higher National Certificate are required for 
the Investigation of Radio Interference over 
a wide and interesting range of interfering 
sources. Ap licants should write to the Director 
of Research, The British Thomson-Houston Co. 
Ltd., Rugby, giving their age and qualifications, 
quoting the Reference HI. W 2896 





ELECTRO-MECHANICAL ENGINEERS, 
Senior (ref. E.E/56) and Junior (ref. E.E/57) 
required for interesting work on the laboratory 
Preparation and subsequent field trials of 
Guided Missiles. Applicants should have ex- 
perience of one or more of the following: 
small pneumatic servos; Gyroscopes; D.C. 
Amplifiers; electro-mechanical instruments and 
pick-offs; preferably together with H.N.C. or 
equivalent (elec. or mech.). There are excel- 
lent prospects of advancement in this rapidly 
developing field which offers very good salaries 
and bonus. Pension Scheme. Apply, quoting 
reference above, to The Assistant Manager, 
The Fairey Aviation Co. Ltd., Weapon Divi- 
sion, Heston Aerodrome, Hounslow, Middx. 

W 2850 


ELECTRONIC ENGINEER required by 
London firm to take charge of measurements 
laboratory and test gear design. Experience of 
measurements of capacitors or telecommunica- 
tion cables is essential. Position involves 
direct responsibility to management and will 
suit engineer aged 25 to 32 who wishes to 
take up senior position. Write details of quali- 
fications, experience and present salary. Box 
No. W 1275, 


ELECTRONIC ENGINEER required by West 
London Company. Technical knowledge and 
practical experience of servo-mechanisms, tem- 
perature control, weighing, counting and mag- 
netic amplifiers is desirable. Applications giving 
arama and qualifications to Box No 





ELECTRONIC DIGITAL COMPUTORS. 
E.M.I. Engineering Development Ltd., require 
Engineers and experienced programmers for 
the development of automatic data processing 
uipment. The oject requires development 
of circuit and electro magnetic devices; and 
the investigation of information storage 
methods. An interest in commercial work is 
essential. The posts are permanent and pension- 
able and offer attractive prospects in a new 
and expanding field. Applicants should write 
with full details to Personnel Dept. (ED/129) 
.M.I. Engineering Development Ltd., Hayes, 
Middlesex. W 2895 





ELECTRICAL ENGINEER. Technical Assis- 
tant with good electrical training and education 
ired to take charge of routine testing and 





ELECTRONIC AND MECHANICAL  EN- 
GINEERS. Senior and Junior Engineers are 
required to intensify the following Development 
Programme: Industrial T.V., including the 
design of Flying Spot Scanners and Associated 
Circuitry, Onitors, Transmitters and Allied 
Equipment. Development of Electrical and 
Mechanical Devices, including Camera Shutters, 
Film Feeds, Special Purpose Relays and Indus- 
trial Control re, ent. | Development of 
Telemetry and G.W. Equipment. ign of 
Commercial T.V., F.M. and Radio Receiving 
Equipment. Our newly completed Develop- 
ment Block will provide excellent working con- 
ditions and facilities, and accordingly apptica- 
tions are invited from Engineers with the 
following qualifications and experience: Senior 
Engineering Graduates with several years’ ex- 
perience in one of the fields mentioned above. 
Recent Graduates who wish to gain experience. 
Engineers with Higher National Certificate and 
several years’ experience. Draughtsmen and 
Tracers. Excellent Salaries and Rates in 
accordance with qualifications and experience. 
Main bus and train services to Central London. 
Apply: Personnel Manager, Peto Scott Electrical 
Instruments Addlestone Road, Wey- 
bridge, Surrey. Telephone: Weybridge a 


ELECTRONICS AND PHYSICS. Assistants 
required for Laboratory Work of wide interest 
in Electronics or Physics Research. Excellent 
opportunities for further education and ad- 
vancement. Enthusiasm major requirement. 
Laboratory in pleasant rural surroundings near 
Reading. Apply in writing with full particulars 
of any previous experience and training to 


Personnel Officer, Research _ Laboratory, 
Associated Electrical Industries Ltd., Alder- 
maston Court, Aldermaston, Berks. W 1272 





ELECTRONIC COMPUTING techniques are 
now being successfully applied to many account- 
ing and statistical problems. There are excel- 
lent prospects with the expanding Production 
Development and Research Departments of the 
British Tabulating Machine Co. Ltd., Letch- 
worth, Herts, for University Graduates and 
men of H.N.C. standard or higher with an 
interest in electronics and their application to 
computing machines. The Company will be 
pleased to hear from men seeking an opening 
in this field. Assistance with housing may be 
given to suitable applicants. Pension and Sick 
Pay Schemes are in operation. Enquiries should 
be addressed in the first instance to Personnel 
Officer. W 2684 


spec ial development work, by small firm manu- 
facturing electrical resistance Wire, Tape and 
Strip. © appointment could lead to a 
Directorship fairly quickly. Box. No. W 2865. 





ELECTRONIC ENGINEERS are required by 
The English Electric Co. Ltd., to work initi- 
ally at Luton and later at Stevenage, as fol- 
lows: Senior Engincer—with experience of Pro- 
duction engineering of prototype electronic 
equipment, having a working knowledge of 
Electronic Circuitry. Senior Engineer—to lead 
a group of engineers in the development of 
specialized electronic test gear. Senior Engineer 
—for work on general circuit development of 
electronics with a sound fundamental know- 
ledge and the ability to apply it. Senior Instru- 
mentation Engineers—with a Degree or H.N.C. 
and experience of the design of transducers 
for electronic or bridge measuring systems. 
Senior Engineer—to lead a group concerned 
with development and field trials of ‘ground 
radar. Previous experience essential. Senior 
Radar and Electronic Engineers—for field and 
flight experiments of radar equipment. 
Degree or H.N.C. standard preferred but 
applicants without these standards but with 
a wide experience of this type of work will 
be considered. Senior Engineer—for missile 
telemetry installation planning. Applicants must 
be familiar with existing telemetry systems and 
measuring techniques. Suitable to a man with 
trials experience. Junior Engineers and Labora- 
tory Assistants—are required to assist in the 
above work. Vacancies also exist for Junior 
Staff with experience or an interest in micro- 
wave techniques. Housing assistance may be 
given in some cases. All of the above posts 
are permanent, progressive and pensionable 
after qualifying period; attractive salaries are 
Offered to the successful applicants. Applica- 
tions to Dept. C.P.S., 336/7 Strand, W.C.2. 
auoting Ref. S.A.38E. W 2912 








ELECTRONIC ENGINEERS required for work 
on the application of Radio Valves for future 
development. Works calls for vision and 
imagination combined with circuit experience. 
O.N.C. or Inter minimum qualification. Weekly 
or monthly staff vacancies available according 
to experience. Quote EE/1, Personnel Dept.. 
M.O. Valve Co., Brook Green, a. 

iS 
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N.C. AUTOMATIC SCALER TYPE N530 

icers ad 
oe This new Ekco Automatic Scaler will time a The new Ekco Type N550 Scintillation Counter, 
_ pre-determined count or count for a pre-determined shown alongside the Scaler, measures radioactive 
materials, in liquid or powder form, in the milli- 


nior 

and . ° 

eat. time, it can also be manually operated. It incorporates microcurie range. For this purpose, it offers about 
= a stabilised high voltage supply for polarising a twenty times the performance of a Geiger-Muller 
Wi “ov . * 

ssile ; tee Counter, giving approximately three times the 
—_ Geiger-Muller Probe or Scintillation Counter, an background count from 1 milli-microcurie of 
a 


with input amplifier and a pulse height discriminator. With Radio-iodine. Used in leading hospitals, this 
ora- : ; ‘ , 
the the addition of a suitable radiation counter it forms a cqupmsat — both accuracy and speed with 
nior a minimum of skill. Type N550 operates with any 
~ complete counting or timing equipment. Operates Scaler which incorporates a pulse-height dis- 
able from mains of 110-120 volts or 200-250 volts criminator and provides H.T., L.T. and H.V. 


aie ' ; supplies. 
ica- and is available for 50 or 60 cycles. 


912 


- { Write for the complete catalogue of Ekco 
and Nucleonic and Electronic Equipment, 
ce. includ Scintillation Counters, Scaling 
kly Units, Counting Ri a 
ing Monitors, Vibrating Reed conan 
Dt. Geiger-Muller Tubes, Lead Shielding, 
ith. Linear Amplifiers, Power Units, Complete 
Counting Installations, Thickness Gauges. 


s i= Sales, Service and Installation 
EKCO ELECTRONICS LTD., EKCO WORKS - SOUTHEND-ON-SEA .- ESSEX 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


ELECTRONICS DEVELOPMENT  ENGIN- 
EER. Rapidly expanding company located 
near Aylesbury offers outstanding opportunity 
to a Development Engineer with a wide experi- 
ence of Electronics Design. Applicants must 
have a sound knowledge of Communications/ 
Pulse Techniques; be qualified by Degree or 
equivalent, and experience of Aerial Design 
would be an advantage. The post offers great 
scope for future advancement to a man with 
a good background of industrial or establish- 
ment experience. Full details of age, experi- 
ence, qualifications and salary expected oy 
Airtech Limited, Aylesbury and Thame Air; 

Haddenham, ‘Bucks. oi 
ELECTRONIC ENGINEER with wide experi- 
ence on Video Amplifiers required for interest- 
ing work in small development dept. Degree 
or similar qualification an advantage. Outer 
West London. Salary £700-£800 per annum. 
ae Scheme. Write full details to Box No. 








ELECTRONIC ENGINEER required for re- 
search and application of electronics to vibra- 
tion and stress problems. Young Engineers 
with good academic qualifications and some ex- 
perience of this type of work are invited to 
apply for this post. Excellent conditions in- 
clude a non-contributory Staff Pension Scheme 
and there are first-class pros _ for the right 
man. Please apply with full details of quali- 
fications, experience, etc., to the Chief Per- 
sonnel Officer, Brush — Engineering 
Co. Ltd., Loughborough. Leics. 2817 
ELECTRONIC ENGINEERS required by the 
General Electric Co. Ltd., Brown’s Lane. 
Allesley, Coventry, in their Development Lab- 
oratories for work on the following items: = 
Development of Pulse Circuitry Techni 
for Guided Weapons. b. Microwave Dev nd 
ment. c. General Radar Circuit Development. 
d. Trials Team in connexion with uided 
Weapons. e. Servo-mechanisms. f. Test Equi 
ment. g. Magnetic Amplifiers. h. Power Units 
including Electronic Stabilizers and_ Rectifier 
os i. eo ication = Circuit Theory of 
ransistors. sign of R.F. en k. 
Investigation into Valve Parameters. tee 3 
of Valve Test Apparatus associated wie ) 
above. Applicants, preferably with a Degree or 
an equivalent qualification should have had at 
least two years experience in the development 
and engineering of Service equipment as well 
as experience in one of the above. Reply 
stating age, qualifications and experience to the 
Personnel Manager, Ref. R.G. W 2826 


ELECTRONIC ENGINEERS required Excel- 
lent opportunity for men of Degree standard 
to broaden experience in a field of great 
interest and variety and involving latest tech- 
niques. Restrictive specialization can be 
avoided by joining Marconi Instruments’ who 

uce light current communication, measur- 
ing and test apparatus for a wide range of 
requirements. Apply Marconi Instruments Ltd., 
Longacres, Hatfield Road, St. Albans. W 2681 


ELECTRONIC whet meg | are wanted in 
large Midland Engineering Plant, the positions 
are progressive and interesting requiring quali- 
fied and experienced Electronic Engineers. 
Senior and Junior for rapidly expanding 
laboratory engaged upon measurement and con- 
trol problems. State age, qualifications and ex- 
perience fully in confidence to Box No. W 2864. 


ELECTRONICS ENGINEER. Research 
‘Organization of large Lancashire engineering 
group requires an electronics engineer for 


industrial development and instrument work. 
Applicants should be able to design, construct 
and test electronic circuitry and to prepare 
ifications and drawings of equipment. 
cellent laboratory and workshop facilities are 
available. Five-day week. Staff pensions 
~scheme. A good starting salary will be paid 
¢o a man having suitable qualifications and 
<xperience, coupled with initiative. Applicants, 
who should have completed or be exempt from 
National Service. should write in confidence 
giving details of age, —_— and experi- 
ence. Box No. W 1274. 
ELECTRONICS ENGINEERS. Vacancies exist 
in the expanding Electronics Division of 
Saunders-Roe Limited. ‘The range of work is 
unusually wide and interesting, covering design 
and development of analogue and digital com- 


ELECTRONIC. ENGINEERING 


putors, electro-mechanisms, measuring appara- 
tus, strain gauging equipment and techniques, 
etc. Salaries offered are commensurate with 
qualifications and experience. Assistance will 

given with accommodation. Write stating 
age, experience, etc., or send P.C. for applica- 
tion form to the Personnel Department (Ref. 
Hd i). Saunders-Roe Limited, East oon. 


ELECTRONICS RESEARCH. Enthusiastic 
Physics or Engineering Graduates required for 
interesting Research on Electronic Circuits and 
Devices in Research Laboratory situated in 
Somme rural surroundings near Reading. 
very encouragement for visiting other Lab- 
oratories, Conferences, etc., and for Publica- 
tion of original work. Excellent opportunities 
for advancement within the laboratory and the 
vast Engineering Industrial group it_ serves. 
Apply in writing to Personnel Officer, Research 
Laboratory, Associated Electrical Industries 
Ltd., Aldermaston Court, ein, Fee 


ELECTRON MICROSCOPE — Laboratory 
assistant, male or female, educated to Inter 
Science or Higher School Certificate standard 
required in Record Division of Electric & 
Musical Industries Ltd., to operate electron 
microscope for ages of production control 
and research. tk is delicate and calls for 
dexterity in preparing specimens. Previous ex- 
erience a recommendation, but not essential. 
ree training to selected ‘applicant. Write 
stating age, education and hag Ay erience 
to Personnel Department (WL), A ey FY 
Blyth Road, Hayes, Middx. W 2809 





ELLIOTT BROTHERS (LONDON) LIMITED, 
have the following vacancies in the Electronic 
Section of their Process Control Division: (1) 
Senior Electronic Engineer. The person 
appointed to this position will be required to 
work on the system aspects of industrial pro- 
cess control installations and on research into 
new methods of automatic plant control and 
instrumentation. A wide range of techniques 
is involved including those of analogue and 
digital computing, pulse circuitry, magnetic 
amplifiers, servos and electro-mechanical devices 
and experience with some of these is essential. 
The field of work is particularly suitable for 
engineers who have had responsible experience 
in the detailed design of electronic equipment 
and who desire to concentrate on the overall 
concept of system engineering and research. 
Candidates for this position must be qualified 
to Degree standard. (2) Senior Electronic 
Development Engineer to work on the develop- 
ment and design of electronic and electro- 
mechanical equipment for automatic industrial 
plant control and instrumentation. A wide 
background in the responsible design of elec- 
tronic and_ electro-mechanical equipment is 
essential and should include the design of servo 
systems. Some experience with pulse circuitry, 
analogue computing and magnetic amplifiers is 
also very desirable. Applicants should be 
qualified to Degree standard. (3) Junior 
development engineers to assist in the develop- 
ment of electronic and _ electro-mechanical 
equipment for industrial plant control and in- 
strumentation. These positions provide valu- 
able opportunity for gaining experience in a 
new and progressive field. Candidates should 
possess either an engineering Degree or final 
City & Guilds certificates in electronics or 
equivalent. Applications for the above positions 
giving full particulars of age, qualifications, 
etc., and .uoting appropriate reference num- 
ber ‘o: Fersonnel Officer, Century Works, 
Lewisham, S.E.13. W 2861 





ELLIOTT BROTHERS (LONDON) LIMITED 
have vacancies in the Electronic Section of 
their Process Control Division for Senior and 
Junior Design Draughtsmen. The section is 
concerned with the development of Electronic 
and Electro/Mechanical _ Seen for Indus- 
trial Process Control. Applicants should have 
H.N.C. in either Mechanical or Electrical 
Engineering, whilst those applying for the 
senior positions should also have several years’ 
of design experience in a similar field. Appli- 


cations, giving full particulars of age, experi- 

ence, etc., to rsonnel Officer, Century 

Works, Lewisham, S.E.13. W 2867 
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ELLIOTT BROS. (LONDON) LIMITED, re- 
quire the folowing staff for the Engineering 
Department of their expanding Aviation Divi- 
sion. A. Electrical Instrument Section. (1) 
Senior Engineer for the design and develop- 
ment of small electrical machines, such as 
A.C. Servomotors, torque motors, etc. (2) 
Development Engineer or work on_ synchros 
and other A.C. data-transmission devices used 
in servo-mechanisms. (3) Junior Engineer for 
work similar to (2) above. B Flowmeter Section 
(1) Senior Engineer for the development of 
electrical components and circuits used in air- 
craft fuel flow metering and integrating. Ex- 
perience of instrument servo-mechanisms 
especially applied to airborne equipment would 
an advantage. (2) Development Engineer 
for work on_ aircraft fuel flow meters and 
installations. Experience of engine fuel systems 
is desirable. (3) Junior Engineer for work on 
aircraft flow meter systems. These itions 
are at our Rochester factory and applications, 
giving full particulars regarding age, qualifi- 
cations and experience, should be addressed 
to Personnel anager, Airport Works, Roch- 
ester, Kent, quoting the appropriate reference 
number W 2' 





ELLIOTT BROTHERS (LONDON) LIMITED, 
Century Works, Lewisham, S.E.13. Commercial 
Electronic Division. Applications are invited 
for the following vacancies in the Commercial 
Electronic Division: (1) Senior Engineer to take 
charge of development and design. The Divi- 
sion is concerned with the development and 
production of electronic instruments for lab- 
oratory and industrial purposes and is being 
expanded with the object of widening and 
increasing its activities. Applicants for this 
position must have had responsible senior 
design experience in the field of electronic 
instruments and be able to plan and supervise 
a development programme. Education to 
Degree standard or equivalent is essential. (2) 
Two Senior Development Engineers to under- 
take development of electronic instruments for 
a wide range of laboratory and industrial pur- 
poses. Applicants should have had _ several 
years’ responsible experience in the field of 
electronics and should be familiar with the 
techniques of pulse circuits, magnetic ampli- 
fiers and servo-mechanisms and should be 
qualified to Degree standard or equivalent. 
(3) Two Junior Development Engineers to 
assist in work as for (2) above. Applicants 
should preferably have a Degree qualification 
with 2-3 years’ industrial experience in the 
field of electronics. Applications for the above 


Positions giving full particulars of age, ex- 
perience, etc. to Personnel Officer, quoting 
appropriate reference number. W 2866 


ELLIOTT BROS. (LONDON) LTD. have vac- 
ancies for Engineers interested in the develop- 
ment and application of magnetic amplifiers. 
Candidates should either have worked on mag- 
netic amplifiers or have good electrical design 
and servo/mechanism experience, together with 
a real desire to specialize in this new and ex- 
panding Branch of Engineering. Minimum 
qualification is Salary £650-£800. 
Apply Personnel Officer, Elliott Bros. (London) 
Ltd., Airport Works, Rochester, Kent. W 2868 


ENGINEER fully experienced 
television design and development, required to 
assist Chief Develepment Engineer of leading 
London e'ectrical component manufacturers in 
development of printed circuits. Qualifications 
at least to A.M.I.E.E. standard. This position 
offers scope for the right man who must be 
capable of initiating and following projects to 
finality including contacts with customers. 
Superannuation scheme. Write giving full 
details of qualifications and experience, age and 


in radio and 


salary required to Personnel Manager, Box 
3M.L 9241, AK. Advg., 212a, Shaftesbury 
Avenue, London, W.C.2. W 2655 
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Distributed Amplifier 
Type 2B 


DISTRIBUTED AMPLIFIER Type 2B } 
A high level wide band amplifier for use with high speed 
oscilloscopes, signal generators, etc. 
Voltage Output—150 Vpp. 
Bandwidth—100 Mc/s. Gain—x12. 
Input Impedance—75 ohms. Output Impedance—200 ohms. 


OSCILLOSCOPE Type WM.5 
OSCILLOSCOPE Type WM.3B 


A new malti-purp c23 © escill 7 4A compact, general-purpose portable oscilloscope with facilities 





4 pol agp ogo Fg an mee — se eg ino ane up = for making rapid precision measurements of time and voltage. 
plug-in sub units. s allows the basic oscilloscope , 
be adapted for a wide range of requirements; i.e. additional : EHT—0.8—1.2KV. Bandwidth—D.C.—4.5 Mc/s. 
gain at high and low bandwidth, signal delay, comparison Volts Range—10mV-500V. AC/DC. | eesenemes By {aetenioneres 
signals, T.V. picture and line selection, high voltage inputs, Time Range—0.5 micro-seconds. j markers required. 
monitoring high impedance sources, etc. — 40 milli-seconds. 

Maz. writing speed—0.5 micro-second/cm. 


(b) Continuously variable EHT1—10KV. 
(c) 25 Mc/s bandwidth ‘Y’ Amplifiers. 


(d) D.C. or A.C. coupled ‘X’ and ‘Y’ 
Amplifiers. ’ OSCILLOSCOPE Type WM.1 








(e) Linear pre-sweep. A visual delaying zes ive l-p miniature measuring oscillo- 
Sweep. scope. a rs o 
Time Rang giorno ies — by instantaneous EHT—800V. Bandwidth—1 Mc/s.—3 Mc/s. 
s . metering system. No calibration ) Meas ts by instantan 
Voltage Range—10 mV to 500 V. | markers required. Volts Range +0.5-500 volts. AC/DC. pmeterin system. No calibration 
AC/DC. markers required. 


Photo Sweep—Single sweep for photo recording of transients, Sweep Range—200 milli-seconds-10 micro-seconds 
(uncalibrated). 


subsequent few sweeps before blackout of the tube give ise 

reference trace which can be pre-set to any D.C. voltage Sensitivity—1 cm/Volt. 

between 0 & + 500V. Maz. sweep speed—2 micro-seconds/cm. 
The above instruments and other E.M.I. electronic equipment can be seen at the Erhibition of 
Scientific Instruments and Apparatus, Stand 88, New Horticultural Hall, Westminster, 25-28th 














April, 1955. 
E.M.1. ELECTRONICS LTD 
Head Office: HAYES, MIDDLESEX, ENGLAND. Telephone: SOUTHALL 2468 Extensions 655 & 857 
EF.41 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 











g.M.I. ENGINEERING DEVELOPMENT 
LTD. G.W. Research and Development. Ap- 
plications are invited from experienced person- 
nel for positions as Section Leaders in a group 
engaged on a G.W. project. Applicants should 
have Ist or 2nd class honours Degrees and 
some experience in the appropriate fields: 1. 
Engineer or Physicist for analysis and design 
of electronic circuits. Experience should 
include pu'se generators, wide band amplifiers 
and radar modulators, or I.F. amplifiers and 
AFC systems. 2. Mathematical Physicist to 
analyse and assess guided missile performance, 
related design data and problems of non-linear 
mechanics. 3. Aero Dynamicist for general 
investigation including optimisation of weapon 
systems. Engineer or Physicist to take 
charge of computor and programme investiga- 
tion of problems of G.W. guidance and control 
systems. Posts are pensionable and carry good 


salary and pects. = reply, giving full 
details to Personnel 3° (ED/220) e aha 
Eng. Dev. Ltd., Hayes, Middx. 








E.M.I. RESEARCH LABORATORIES, Hayes, 
Midd'esex. Graduates in physics or engineer- 
ing and otherwise qualified electronic engineers 
are required for design and development work 
on microwave Communication projects, with 
civil and military applications. The work offers 
considerable scope for the development of new 
ideas and the prospects for advancement are 
good. Salaries will be in accordance with the 
past record and estimated capability of the 


applicant. Write giving details to Personnel 
Department (RL/17), E.M.I. Ltd., Hayes, 
Middx. W 2762 





ENGINEERS required to work on (a) Printed 
Circuitry (b) Transistor Applications. Appli- 
cants, who are assured of interesting and pro- 
gresive work, should have had at least three 
years’ experience on development of Radio or 
Television equipment. Please send full details 
to Personnel anager, Vidor-Burndept Ltd., 
Erith, N. Kent. W 2888 





ENGINEERS AND PHYSICISTS are required 
by British Telecommunications Research Ltd. 
for work on long term research and develop- 
ment projects in the followjng fields: (a) Wide- 
band line communication systems (b) Wide- 
band microwave radio systems, including aerials 
and propagation (c) Point-to-point television 
transmission systems (d) Measuring and test- 
ing equipment for the above (e) Magnetic 
materials and semiconductors. Attractive posts 
are offered to qualified engineers with experi- 
ence in any of the above fields, and further 
vacancies exist for junior engineers and techni- 
cal assistants. The Company operates a super- 
annuation scheme, and offers attractive work- 
ing conditions with generous holiday and leave 
arrangements, and good social and recreational 
facilities. All applications will be dealt with in 
confidence and should be addressed to the 
Director of Research, British Telecommunica- 
tions Research Ltd., Taplow Court, Taplow, 
Bucks. W 2818 





ENGINEERS & PHYSICISTS required by long- 
established manufacturer, London, for re- 
search and development; specialized know- 
ledge or experience of instruments, metering 
electronics and _ electro-mechanical devices 
advantageous. Salary £800 upwards. Staff 
pension scheme; housing assistance where 
necessary. Write, giving full particulars educa- 
tion, qualifications, experience and present 
salary. Box No. Wl 349, 


ENGINEERS (RADIO VALVES) are required 
for all grades of work on Development, Pro- 
duction and Pre-production. Minimum qualifi- 
cations H.N.C. or B.Sc., for Senior positions— 

N.C. or Inter for Junior—some experience 


necessary for senior appointments—TA/6 
Personnel Dept., M.O. Valve Co., Brook 
Green, Hammersmith. W 2899 


ENGINEERS required for development work 
on television equipment used in connexion with 
film making. Applicants, who must have had 
television experience, will be paid a salary in 
the range £500-£1,000 according to qualifica- 
tions and experience. Apply Chief Engineer, 
High-Definition Films Ltd., 98 Highbury New 
Park, London, N.5. W 1268 


ENGINEERS required for installation and 
a ag of television transmission equipment. 
inti in first instance by letter to Engineer- 
at Pye Ltd., 11 Hinde Street, London, 

W 2686 


ENGINEER WITH WORKS AND DRAWING 
OFFICE experience required to plan and 
supervise production of electronic equipment 
in small batches. Excellent opportunity for 
ambitious person, with an interest in this kind 


of work, to amore promotion. Rivlin 
Instruments Ltd., aitland Park hyn 
London, N.W.3. Gulliver 2960. W 1281 


ENGLISH ELECTRIC CO. LTD., wish to ex- 
tend their present laboratory facilities for study 
of the effect of environmental conditions on 
Guided Weapons and their components. Appli- 
cations are therefore invited from Senior and 
Junior Engineers to direct and carry out this 
work A _ wide variety of electrical, mechani- 
cal and physical testing is under consideration 
and although previous experience of Guided 
Weapons is desirable, it is by no means essen- 
tial. The possession of an Engineering or 
Physics Degree, H.N.C., or similar qualifica- 
tion, coup'ed with some experience in design- 
ing and handling ingenious electrical and 
mechanical test contrivances would form a satis- 
factory qualification. Housing assistance can 
be given if required. Please write. stating age, 
experience and qualifications to Dept. C.P.S., 
336/7 Strand, W.C.2, quoting Ref. me foe 


EXPERIENCED FAULT-FINDERS wanted by 
Midland Manufacturers of Radio Equipment 
Permanent posts located in the Midlands are 
offered to men with experience of Radar. 
Radio Control, V.H.F. uipment, Write 
stating fully experience and salary required to 
the Personnel Manager, Box No. 9. 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirer and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury. Wilts. W 146 





FERRANTI LIMITED, EDINBURGH—Flight 
Trials Division. Applications are invited for 
Electronic Engineer for interesting work in their 
Flight Trials Division. The engineer will be 
engaged on trials to evaluate the technical and 
operational performance of fire control and navi- 
gational systems, air and ground. The qualifica- 
tions required are to degree or equivalent 
standard with a minimum of three years’ 
experience. Ref. No. EE/TID. Radar Main- 
tenance Engineer who will be responsible for 
a small outstation. Duties will involve limited 
travelling in the U.K. Ref. No. RME/TID. 
Ex-Radar Officers and Senior N.C.O.s are in- 
vited to apply for either or both vacancies. 
The appointments are pensionable and offer 
excellent prospects and working conditions in 
or attached to our new laboratories. Apply for 
an application form, quoting appropriate refer- 
ence number, to the Personnel Officer, Ferranti 
Limited, Ferry Road, Edinburgh, 5. W 2679 





ELECTRONIC ENGINEERING 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engineers 
to work on nucleonic instruments, and interest- 
ing new developments in electronic computing 
and switching; both senior and junior posts 
are available. Applicants should have a degree 
or equivalent plus several years’ experience oj 
appropriate work for the senior ‘posts; corre- 
spondingly reduced qualifications and experience 
will be accepted for junior posts. Salaries will 
be in accordance with age, qualifications and 
experience. Applications, giving details of age, 
academic or other training and qualifications, 
experience, and starting salary required, should 

sent to the Personnel Officer, Ericsson 
Telephones Ltd., Beeston, Nottingham. W 197 





FERRANTI ELECTRONIC COMPUTORS. 
Ferranti Ltd. invite applications for vacancies 
in their Electronic Computor Department. The 
vacancies described below are in their London 
Computor and Information-Handling Labora- 
tory but vacancies of types (i) and (iii) exist 
also in the Computor Laboratories in Manches- 
ter. (i) Electrical Engineers and Physicists for 
Computor Design Groups concerned with the 
design of analogue and digital computing cir- 
cuits, visual displays, conversion equipment, 
storage systems, etc., and for basic_ research 
on interesting mew techniques. Reference 
WSE (i). (ii) Electrical or Mechanical Engineer 
for the Engineering Design Group. To work 
in close touch with Electronic Circuit De- 
signers on princip'es and details of construction. 
Keen interest in advanced methods of construc- 
tion is essential and experience of printed cir- 
cuits or dip soldering and related techniques 
would be an asset. Reference WSE (ii). (iii) 
Electrical or Mechanical Engineer for Engineer- 
ing Design Group. For work on the design of 
precision instruments and components. Design 
experience in some branch of instrument tech- 
nology is essential. aah of optics and 


high-speed —_ photograph an advantage. 
Reference WSE (iii). rd v) Electrical Engineer, 
Physicist or Mathematician for compiling 


Technical Manuals primarily intended for use 
by maintenance personnel and covering both 
the logic and detailed electronics of machines 
designed by the Laboratory. This work is an 
exce'lent introduction to digital systems in 
general. The successful a pplicant may be 
required to assist in the PaO of maintenance 
personnel. Reference WSE (iv). (v) Mathema- 
ticians for work on the logical design of com- 
putors and other digital ee me back- 
ground in electronics would be an advantage, 
but is not essential, Reference WSE (v). There 
are als> vacancies for Project Leaders to take 
responsibility for projects through all stages. 
The positions offer scope for the exercise of 
initiative and for advancement in an “es ~ | 
organization. The Company operates a Sta 
Pension Scheme. Application forms from Mr. 

Lunt, Staff Manager, Ferranti Ltd., 
Hollinwood, Lancs. Please quote appropriate 
reference and indicate whether Manchester or 
London post is desired. W 2778 








INDUSTRIAL ELECTRONICS. A Technical 
Writer is required by the Chief Engineer of 
the Industrial Electronics Division of The 
English Electric Company Limited. This 
vacancy has come into being because of the 
Programme of Expansion now being pursued by 
the Company in this field of Engineering. It 
is desirable that the successful candidate has 
experience of writing with particular reference 
to the Electronics Industry. This is a position 
of no mean responsibility and he will be ex- 
pected to produce results with the minimum 
of supervision. This is an excellent opportunity 
for an ambitious man in an expanding field 
of Engineering. Please reply giving full details 
to Dept. C.P.S., 336/7 Strand, W.C.2, mark- 
ing envelope ‘‘Attention Chief Engineer. 
1.E.D.,”’ and quoting Ref. 1377. W 2845 





HONOURS GRADUATES in Physics or Elec- 
trical Engineering are required for advanced 
work in a Quartz Crystal Laboratory. The 
— offered afford excellent opportunities 
Or young men to specialize in the study of 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 13-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








piezoelectric materials, from both the theoreti- 
cal and practical view points. An interest in 
mathematics and electronics would be an 
advange for this work. Houses can be made 
available to successful applicants. Apply in 
writing to the Personnel anager, Standard 
Telephones and Cables Ltd., Crystal Division, 
Industrial Estate East, Harlow, Essex. W 2833 





INDUSTRIAL ELECTRONICS. Due to the 
continued expansion of the Industrial Elec- 
tronics Division of The English Electric 
Company Limited the Chief Engineer of that 
division now wishes to make several further 
appointments in connexion with the develop- 
ment of Motor Control Systems. It is desir- 
able that applicants have a_ knowledge of 
Magnetic Amplifiers, Electronics and Seevo- 
Calculations. Whilst a Degree or corporate 
membership of the I.E.E. is preferred, this 
should not deter applicants who have good 
sound practical experience in these fields. These 
positions are of a responsible nature, and suc- 
cessful candidates will be expected to work with 
the minimum of supervision. Houses will be 
available to successful applicants. Please reply 
ving full details to Dept. C.P.S., 336/7 Strand 
.C.2, marking envelopes ‘‘Attention Chief 

Engineer, I.E.D.,’’ and quoting Ref. 1328A. 
W 2844 





JUNIOR ELECTRICAL ENGINEER required 
by a large Company engaged in the Telecom- 
munication Industry situated in S.E. London 
district. The position offered is for experimen- 
tal work in connexion with the editing of 
polarized relays for special applications. H.N.C. 
is desirable but not essential. Applicants who 
are studying for such a qualification would 
be considered. Pension and Staff Bonus Scheme 
after qualifying period. Write giving full details 
of education and experience and salary required 
to Box 3R. P.5277., A.K. Advg., 212a Shaftes- 
bury Avenue, London, W.C.2. W 2900 


McMICHAEL RADIO LTD., Slough, Bucks, 
have vacancies from time to time for Electronic 
Engineers to be engaged on Government pro- 
cts. Those wishing to be considered are 
invited to write fully to the Chief Engineer, 
Equipment Division. W 208 


METHODS DEVELOPMENT SECTION of 
Pye Limited has vacancies for Senior and 
Junior Television circuitry Engineers and 
Mechanical Development Engineers to work on 
Printed Circuit and other new system develop- 
ments. This is work in a new and expanding 
field and offers almost unlimited sco for 
Engineers with drive and _ initiative. laries 
dependent on qualifications and experience. 
Apply to Chief Television Engineer, Pye Ltd., 
Cambridge. W 2737 


METROPOLITAN-VICKERS ELECTRICAL 
CO. LTD., Trafford Park, Manchester 17, 
have vacancies for servo engineers with some 
Practical experience in Electric servo and con- 
trol circuit design and application. Qualifica- 
tions required, a Degree or Higher National 
Certificate. Applicants should not be less than 
26 years of age. The posts are permanent 
and pensionable. Salary according to quali- 
fications and experience. Apply in writing to 
The Personnel Manager, marking envelope 
Servo Mechanisms.” W 2557 
MULLARD BLACKBURN WORKS LTD., 
require an Electrical Engineer for their large 
new works now being built near Burnley for 
the mass manufacture of Cathode Ray Tubes. 
Duties will include the design and development 
of electronic test circuits and applicants should 
have Practical experience as well as technical 
qualifications. Initially the work will be carried 
out at Padiham. Excellent salary. Pension 
Scheme. Assistance with housing. Applications 
giving details of age, experience and qualifi- 
Cations should be sent to the Works Personnel 
Officer, Mul'ard Blackburn Works Ltd , (C.R.T. 
Division), Britannia Mill, Lune Street, Padi- 
ham, Nr. Burnley, Lancs. Please quote Ref. 
No. CRT/33. W 2897 


MULLARD LIMITED have a vacancy in the 
Communications and Industrial Valve Division 
for an Engineer to take charge of the Techni- 
cal Office. In the first instance he will be re- 
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quired, after initial establishment, to handle 
technical data, technical callers, phone calls 
and correspondence. Other important functions 
and responsibilities are available to be assumed 
in due time and the post offers good scope 
for employment of the full capabilities of a 
clear thinking, conscientious engineer who 
Prides himse on factual correctness. An 
assistant to the engineer-in-charge is also re- 
quired, and applications are therefore invited 
from the standard of technical assistant up to 
that of graduate engineer. The salaries to be 
paid will be appropriate to the age, experience 
and qualifications of the successful applicants. 
Write giving full details to the Personnel 
Officer, Century House, Shaftesbury Avenue, 
London, W.C.2, giving reference M.LI 

W 2863 


MULLARD RESEARCH LABORATORIES 
have vacancies for several Technical Assist- 
ants to be trained, at full salary, as Micro- 
wave Valve ineers. Successful candidates 
will be engaged upon the design, construction 
and electrical measurement of valves in the 
research and development stages. The positions 
are permanent, progressive and carry attrac- 
tive salaries. Applicants, without National 
Service liabilities, should have scientific quali- 
fications of, or KT ol to G.C.E. (advanced 
level), O.N.C., -_N.C. However, these re- 
quirements might be waived if the applicant 
has experience in a suitable technical field 
Salaries are based on qualifications, experience 
and age, and are in keeping with present-day 
levels. General prospects within the organiza- 
tion are excellent. Apply Personnel Manager, 
Mullard Research Laboratories. Cross ak 
Lane, Salfords, Near Redhill, Surrey. W 2872 
MULLARD RESEARCH LABORATORIES re- 
quire Electronic Engineer(s) for interesting 
design and development work on_ laboratory 
instruments and test equipment. Applicants must 
be capable of working on their own initiative 
and should have academic qualifications ranging 
from City and Guilds Final Certificate or 4th 
year National Certificate (Radio) to Degree 
standard, Several years experience in electronics 
is desirable and a good knowledge of pulse 
techniques is preferred. The positions offered 
are permanent, progressive and carry attrac- 
tive salaries. Applications should in the first 
instance be addressed to the Personnel Officer, 
Mr. G. A. Taylor, Mullard Research Labora- 
tories, Cross Oak Lane, Salfords, near Red- 
hill, Surrey, quoting reference VPL (C). W 2911 





MULLARD RESEARCH LABORATORIES in- 
vite applications from Honours Graduates to 
carry out research and development. on the 
application of new magnetic materials to com- 
putors. Initially, the work will be concerned 
with digital storage and information-handling 
devices incorporating ferrite cores. Post- 
Graduate experience in either computor tech- 
niques, transistors or magnetic devices wou'd 
be an advantage. The work calls for a high 
Degree of individual responsibility and there 
is great scope for initiative and inventiveness. 
Publication of results will be encouraged. 
Salaries based on qualifications, experience and 
age, and are in keeping with present-day levels. 
General prospects within the organization are 
excellent. Applications to Mr. G. A. Taylor, 
Personnel Manager, Mullard Research Labora- 
tories, Cross Oak Lane, Salfords, near Red- 
hill, Surrey, quoting reference E.R.L. W 2846 





MURPHY RADIO LIMITED have vacancies 
in the Electronics Division Laboratories for 
qualified engineers to — and develop the 
following: 1. V.H.F. and U.H.F. Communica- 
tions equipment. 2. Airborne and Ground 
radar equipment. 3. Computing devices and 
servo systems. 4. Nucleonic equipment and 
measuring instruments. 5. Transistors and 
associated circuitry. The salary range is £600- 
£1,000 per annum depending upon experience. 
Further posts are available to engineers of 
H.N.C. standard or equivalent having less ex- 
perience, the salary range being £450 to £650 
per annum. These vacancies are at Welwyn 
Garden City but one or two vacancies of a 
similar nature are available at the Ruisli 
Works. Applications, giving age, full details 
of qualifications, experience and salary required, 
should be forwarded to Personnel Department, 
Murphy Radio Limited, Welwyn seas Sy; 


MURPHY RADIO require (1) Senior Radio 
Designer with wide experience to be respon- 
sible for the development of V.H.F., Short 
Wave and more conventional radio receivers 
for the Home and Export market. (2) Senior 
Television Engineer with sound theoretical 
knowledge and previous experience of Time 
Base esign. (3) Versatile Components 
Designer with thorough knowledge and experi- 
ence of radio component development, appli- 
cation and test, knowledge of quality control 
and life test methods an advantage. Applica- 
tions stating which vacancy referred to and 
giving details of age, experience, qualifications 
and salary should be addressed to Personnel 
Departiient (A.L.), Murphy Radio Limited, 
Welwyn Garden City. W 2859 
PHYSICIST. Young graduate required for 
Research and Development work on Transistors 
and their applications. Excellent oppor 

and wide scope for man with initiative. Ap- 
plications, giving age, full details of qualifica- 
tions, experience and salary required, should 
be forwarded to Personnel Department, Murphy 
Radio Limited, Welwyn Garden City. W 2754 
PLANNING ENGINEER/ESTIMATOR _ re- 
quired by old-established S.E. London  instru- 
ment engineering Company for work in their 
Electronic Division. Candidates must have 
suitable technical qualifications backed sound 
experience in this or similar type of work. 
Applications in writing, giving full particulars 
of age, experience and stating salary required 
to Box E.E.798, c/o 191 Gresham House. 
E.C.2. W 2862 





PRODUCTION PLANNING ENGINEER re- 
quired for factory in Enfield. Should have had 
experience preferably but not essentially in 
electronic valve production. Must be able to 
break down programmes into component part 
requirements and raw materials and organize 
supplies. Also must be able to assess plant 
capacities and organize loading in economic 
uantities. Knowledge of sottiaing, ond incen- 
tive schemes essential. Salary £900/ 1,000 Fa 
annum. Apply Personnel Superintendent, e 
Edison Swan Electric Co. Ltd., Cosmos Works. 
Brimsdown, Enfield, Middlesex. W 2910 
QUALITY CONTROL ENGINEER required 
for large Radio and Television factory at Brad- 
ford, Yorkshire. Good technical knowledge of 
Television and Radio essential, able to maintain 
standards on coils, alignment tests and general 
technical problems, etc. Write experience and 
salary required to Box No. .R.G. c/o 
Messrs. Brockie Haslam & Co., 231 Strand, 
London, W.C.2. W 2791 
RADAR & ELECTRONIC ENGINEERS are 
invited to apply for a number of posts as Area 
Maintenance Engineer with a leading Company 
in the radar field. The positions are of senior 
status, and call for men of considerable ex- 
perience in micro-wave equipment to work 
without supervision. Successful candidates 
will be given specialized training in the Com- 
pany’s Works, and then based in various parts 
of the country. A_ salary and allowances 
commensurate with qualifications and responsi- 
bility will be paid, and a car will be provided. 
A pension scheme is in operation. Applicants 
should write, giving full details, to Box 3S 
N2097, A. K. Advg., 212a Shaftesbury Avenue, 
London, W.C.2. W 2790 

STUDY 


RADIO AND RADAR SYSTEM 
ENGINEERS. Applications are invited from 
Engineers who have dealt with the overall re- 
quirements for the radio and radar installation 
of aircraft. General experience is necessary as 
regards current practice in communication and 
navigational aids, together with detailed know- 
ledge of aerial design, aircraft wiring and re- 
quirements as to layout of equipment. App’i- 
cants must be capable of supervising prototype 
wiring and — in —— trials. Apply 
Personnel Officer, Elliott Bros. (London) Ltd., 
Airport Works, Rochester, Kent. W 2870 


RADIO AND RADAR TESTERS. _ First-class 
men required for work on V.H.F. Communica- 
tion Gear and Government Contracts for Radio 
and Radar Equipment by Midland Manufac- 
turers. Men with wide experience of Fault 
Finding in any of the fields mentioned should 
write giving full details to Box No. W 2668. 


RADIO TESTERS and Mechanical Inspectors 
required (male). Must have experience on 
Service Equipment and used to working to 
Government Specifications. High rates of pay 
to first-class men. Excellent conditions in Mod- 
ern Factory in the West London area. Write 
fullest details to Box No. W 1270. 


RESEARCH ENGINEER required for work 
on magnetic and allied materials. Good salary 
and prospects. Write giving details of age, 
qualifications, experience and salary required 


ELECTRONIC ENGINEERING 








SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








to Personnel Manager, Telephone Manufac- 
turing Co. Ltd., Sevenoaks ay, St. Mary 
Cray, Kent. W 2902 
RADIO AND T.V. ENGINEER with labora- 
tory experience required by leading London 
firm of electrical component manufacturers for 
work in connexion with printed circuits. 
H.N.C. standard. Superannuation scheme. 
Write giving full details of education and 
experience, age and salary required to Personnel 
Manager, Box 3ML 9247, A.K. Advg., 212a, 
Shaftesbury Avenue, London, W.C.2. W 2656 
RADIO ENGINEER for Bulawayo, Southern 
Rhodesia. Design and Development Engineer 
with at least five years’ experience on domestic 
radio. Salary £1,200 per annum, with free air 
passage to Rhodesia. Application should be 
made to Advertiser, 31 urlington Avenue, 
Kew Gardens, Surrey, with copy to x 
2096, Bulawayo, Southern Rhodesia. Success- 
ful applicant will be interviewed in ey 
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RESISTANCE AND HIGH FREQUENCY 
HEATING. Excellent opportunities for keen 
and enthusiastic senior and junior Engineers 
in a rapidly expanding department for work 
associated with a wide variety of heating prob- 
lems. Experience in heating or electronic appli- 
cations is desirable but not essential as a 
training period in the laboratory and drawing 
office will be given to suitable candidates. 
Qualifications from Ordinary National Certifi- 
cate to Degree standard. Salary commensurate 
with age, qualifications and experience. The 
Posts are permanent and pensionable. Apply 
in writing with full details to the Personnel 
Manager, Metropolitan-Vickers Electrical Co. 
Ltd., Trafford Park, Manchester 17. Mark 
envelope ‘‘E.1."’ W 2831 





RESISTANCE WELDING RESEARCH. 
Senior investigator required to_take charge of 
resistance welding laboratory. Degree essential, 
preferably in electrical engineering; knowledge 
of electronics an advantage. Position will carry 
gtade of Senior Research Officer (£700-£1,150 
p.a.) and will qualify for membership of super- 
annuation scheme (F.SS.U.). Starting salary 
according to qualifications and experience. 
Apply in writing: Chief Administration Officer, 
British Welding Research Association, Abing- 
ton Hall, Abington, Cambs. W 1271 
SENIOR AND JUNIOR RESEARCH 
PHYSICISTS preferably with University or 
Industrial Research experience are required to 
undertake basic research work on Thermionic 
Emission and related aspects of service physics. 
Wide scope and good prospects for men with 
initiative. Applicants should write to the 
Manager, Research Department. Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park, 
Manchester, 17, giving particulars of their 
age, qualifications and experience and suitable 
references. W 2883 
SENIOR AND JUNIOR Development Engineers 

uired for responsible work in Radio and 
Television Development Laboratories. Appli- 
cants for senior position should be able to 
undertake development work with minimum 
supervision. Excellent conditions and salary 
available for applicants who are accepted. 
Apply in first case to Personnel Manager (Dept. 
R.D.), McMichael Radio Ltd., Wexham Road. 
Slough, Bucks. W 267! 


SENIOR DEVELOPMENT ENGINEER to be 
in charge of a department dealing with the 
Design of Radar Equipment, both airborne 
and ground. Candidates should have had wide 
experience in this Branch of Engineering, and 
appreciate all aspects from the initial system 
specification and study to the production of 
prototypes. Knowledge of circuit design, dis- 
plays, microwave and aerial techniques is 
necessary. This is a responsible position and 
candidates should have had at least ten years’ 
similar design experience, and be able to lead 
a team of Engineers. Apply Personnel Officer, 
Elliott Bros. (London) Ltd,., Airport Works, 
Rochester, Kent. W 2869 


ELECTRONIC ENGINEERING 





SENIOR COILWINDING PLANNING 
ENGINEER required, experienced in the plan- 
ning of Radio and Television Coils. The selec- 
ted candidate will have the drive and initiative 
necessary to deal rapidly with the day-to-day 
electrical and mechanical problems on the shop 
floor. East London area. This vacancy, for 
which a good salary will be paid, presents 
ample scope and opportunity to a man of 
first-class ability. Please reply, giving full 
details of experience to Box No. W 2881. 


(1) SENIOR DESIGNER DRAUGHTSMAN 
to be capable of undertaking the layout of 
Electronic Equipment and the design of 
associated mechanical components. It is essen- 
tial for candidates to have had at least five 
years’ drawing office experience on _ similar 
work and be fully conversant with standard 
Ministry Design requirements. (2) Senior 
Development Engineers. Opportunities exist for 
Engineers with experience in either airborne or 
marine radar. Candidates should have had 
several years’ experience in circuit design of 
equipment and be able to study and advise 
on overall system requirenents of Navigational 
Search and Fire Control radar. Applicants 
must have initiative and ability to accept re- 
sponsibility. (3) Test Equipment Development. 
An Engineer is required to be n charge cf a 
section dealing with the Design and manufac- 
ture of Prototype test equipment. Experience 
in pulse and microwave techniques is essen- 
tial. (4) Assistant Engineers. Duties will entail 
setting up prototype equipment and candidates 
must be used to working on high powered 
radar. Candidates with installation and main- 
tenance experience, would be suitable, also 
ex-Service Technical Personnel. Apply Person- 
nel Officer, Elliott Bros. (London) Ltd.. Air- 
port Works, Rochester, Kent. W 2871 


SENIOR ENGINEER required for long-term 
development of new types of radio communi- 
cation equipment. Attractive position for 
engineer of Degree standard with interest in 
radio circuitry and components. Starting salary 
in accordance with qualifications and experi- 
ence. Apply in writing state age, education and 
salary required to Siemens Brothers & Co. 
Ltd., Ref. 744/7 Woolwich, London, ras 





SENIOR ESTIMATORS required by a_ large 
and progressive engineering company in the 
London area. Applicants should have a com- 
prehensive experience of small to medium class 
production of Electronic Equipment with 
special emphasis on Ministry contracts. These 
are attractive vacancies and call for men of 
sufficient ability and initiative to justify a good 
salary. All staff privileges including Super- 
annuation and Insurance Schemes are available 
to the selected candidates. Applications, which 
should give full details of qualifications and 
experience, should be addressed to Box No. 
W 2894. ; 


SENIOR MECHANICAL DRAUGHTSMEN 
required for Radar and Electronics. Modern 
D.O. with first rate conditions, salaries accord- 
ing to experience. Previous experience in 
Electronics not essential. Apply in writing to 
Chief Draughtsman, Radio Department, Metro- 
politan-Vickers Electrical Co. Ltd., Trafford 
Park, Manchester, 17. W 289) 
SENIOR PROJECT ENGINEER. A _ vacancy 
is available for a Senior Project Engineer to 
head a group for the production of power from 
atomic energy. Applicants should have a back- 
ground of experience, preferably in marine 
engineering or, alternatively, experience on the 
mechanical side of the generation of power for 
land purposes. In addition, applicants should 
have scientific qualifications in the form of 
First-Class Honours Degree in Marine or 
Mechanical Engineering, together with a sound 
practical experience. This is an extremely im- 
portant position and a good salary will be 
wes to a man meeting the stated requirements. 
mployment will be at Harwell initially. Box 
No. W 1262. 


SENIOR TELECOMMUNICATIONS Engineer 
A well known and expanding electronic engin- 
eering Company in the London area requires 
a Senior Telecommunications Engineer to take 
control of a department dealing with Micro- 
wave Link Systems. Applicants shou!d have 
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had considerable previous experience, both in 
design and application, in this field; prefer. 
ably holding at present a position as deputy 
head of a large telecommunications department. 
A very substantial salary is offered, and a 
Pension Scheme is in operation. Applicants 
should be of British Nationality. Please reply 
Stating age, experience, etc.,. to Box E.E 872 
c/o, 191 Gresham House, E.C.2. W 214 
SENIOR TELEVISION DEVELOPMENT EN- 
GINEER with administrative experience re- 
quired. Capable of carrying out development 
projects with minimum supervision up to pro- 
duction stage. Kingston area. Write giving 
full personal details ema g salary required 
Chief Engineer, Box No. 1265. 
S. SMITH & SONS (ENGLAND) LIMITED 
have vacancies for the following staff in their 
Guided Weapons Laboratories. (a) Engineer 
or Physicist for analysis of missile control 
systems. Qualifications should include an 
Honours Degree and a sound mathematical 
training. (b) Mathematician for study of 
guided missile systems and associated compo- 
nents. Qualifications should include an 
Honours Degree in Mathematics and a good 
background knowledge of Physics. (c) En- 
gineer for design and development work on 
missile components. Qualifications should _in- 
clude a Degree or equivalent in Electrical En- 
gineering with experience in one or more of 
the following: (i) Control. Engineering. (ii) 
Gyroscopes. (iii) Servomechanisms. (iv) Elec- 
tronics. (v) Small machines or electromechani- 
cal devices. (d) Assistant Engineer with 
Degree or H.N.C. in Electrical Engineering or 
Physics. Preferably with some experience in 
small servo-mechanisms or electronic control 
engineering. (e) Laboratory Assistant having 
H or O.N.C. with some knowledge of 
electrical science, data reduction, etc. The 
posts are rmanent and a Pension Scheme 
with Life Insurance is in operation. Salaries 
will be commensurate with qualifications and 
experience up to £1,500 p.a. The Laboratories 
are situated in the Cheltenham area and are 
modern and well equipped. Housing accom- 
modation will be provided for the selected 
married applicants after a satisfactory proba- 
tionary period. Adequate facilities for sports, 
recreation and further education are available. 
Write in the first instance for application form 
to: Personnel Manager, S. Smith & ns 
(England) Limited, Bishops Cleeve, Nr. Chel- 
tenham, Glos, quoting reference rears | - 
4 


TECHNICAL ASSISTANTS for Experimental 
and Test Dept. of long-established manufac- 
turer, London, engaged on meter and other 
light engineering work. ‘lechnical training to 
at least O.N.C. standard is necessary. Attrac- 
tive and _ progressive staff posts, pension 
scheme. State education, experience and pre- 
sent salary. Box No. W 1250. 


TECHNICAL ASSISTANTS required for inves- 
tigational work it connexion with radio valve 
manufacture. Applicants should possess at least 
Higher National Certificate. Five-day week, 
modern welfare facilities, staff pension scheme. 
Apply, giving full personal details, including 
age, qualifications and experience, to Personnel 
Superintendent, The Edison Swan Electric Co. 


Ltd., Cosmos Works, Brimsdown, Enfield, 
Middlesex. W 2840 
TECHNICAL SALESMAN, 30-35, experienced 
in Electronic Instrumentation required by 


manufacturers in West Surrey. Salary range— 
£650-£750. Write Sales Manager, Box No. 
W 1276. 

TELECOMMUNICATIONS (LINE TRANS- 
MISSION) Engineer required by large organi- 
zation in the North West to train for position 
in Technical Publicity Department. Applicants 
should be aged between 25-30 years, and 
should have a good educational background 
with the ability to write clear concise English. 
A sound knowlege of modern telecommunica- 
tions techniques, including coaxial and other 
multi-channel carrier telephone and _ telegraph 
systems, “essential. The position is on the 
established staff of the Company, with con- 
tributory Pension Fund. and usual staff con- 
ditions and amenities. Please write to Box No 
438, Dorland Advertising Ltd., 18/20 Regent 
Street, London, S.W.1, giving details of age, 
qualifications and experience. W 2878 


TELECOMMUNICATIONS (RADIO TRANS- 
MISSION) Engineer required by large organi- 
y zation in the North West to train for position 
in Technical Publicity Department. Applicants 
should be aged between 25-30 years, and 
should have a good general educational back- 
ground with the ability to write clear concise 
English. A sound knowledge of modern tele- 
communications techniques, including V.H.F. 
and U.H.F. multi-channel systems and Fre- 
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SITUATIONS VACANT (Cont’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vavancies Order, 1952. 








quency-shift signalling practices, essential. The 
position is on the established staff of the Com- 
pany, with contributory Pension Fund, and 
usual staff conditions and amenities. Please 
write to Box No. 434, Dorland Advertising 
Ltd., 18/20 Regent Street, London, S.W.1, 
giving details of age, qualifications and 
experience. W 2877 
TELEPHONE CIRCUIT AND EQUIPMENT 
ENGINEERS, experienced, required by 
American manufacturers for work in the United 
States. Apply giving full details of age, quali- 
fications and experience to Box No. W 1266. 





TESTERS required for high-grade Radar and 
Electronic work. Ordinary or Higher 
National Certificate an advantage, but men with 
suitable Service or Civilian experience will be 
considered. Opportunities of advancement 
available for progressive candidates. Good 
rates of pay, canteen facilities, etc., etc. Apply 
to the Employment Department, Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park, 
Manchester 17. W 2786 





THE DISTILLERS COMPANY LIMITED 
Technical Assistant, Inter-B.Sc. or Higher 
National Certificate, having some years’ experi- 
ence in electronic circuitry, is required for in- 
strumentation work in connexion with chemical 
roblems at the Company’s Research & 
ee Department at Epsom. Apply: 
Staff anager, Distillers Co. Ltd., 21 St. 
aes Square, London, S.W.1. Ref: 


THE EDISON SWAN ELECTRIC COMPANY 
LTD., have vacancies in their Special Products 
Development Laboratory for Engineers for 
Development work on a wide range of elec- 
tronic instruments and apparatus for Medical, 
Industrial and Government use. Please write, 
stating experience, age and salary required to 
155 Charing Cross Road, London, W.C 2, 
reference SP/LAB. W 213 
THE GENERAL ELECTRIC CO. LTD., 
Brown’s Lane, Allesley, Coventry, requires 
Mechanical Development Engineers, Designer- 
Draughtsmen and Draughtsmen, preferably with 
experience of Radar type equipments for work 
on Guided Weapons and like projects. Also 
required, Senior and Junior Electronic Develop- 
ment Engineers, particularly in the field of 
Microwave and Pulse Applications. Salary 
according to age, qualifications and experience. 
Apply by letter stating age and experience to 
the Personnel Manager. Ref. RG. W 208 


TRANSFORMER DESIGNER required for 
development projects involving audio-frequency 
power transformers, pulse transformers, oil-filled 
units, etc. Apply stating age, qualifications and 
experience to the Personnel Manager - (Ref. 
R.G.), The General Electric Co., Ltd., Brown’s 
Lane, Allesley, Coventry. W 192 





ULTRA ELECTRIC’ LIMITED, Western 
Avenue, Acton, London, W.3. Radio and 
Television Development Engineers. (a) Appli- 


cations are invited from Senior Development 
Engineers with experience and Academic Quali- 
fications for important work on new develop- 
ment projects. The posts are permanent and 
pensionable and offer scope for the right men 
to work in ideal conditions in modern, well- 
equipped Laboratories. Please write in strict 
confidence to the Personnel Manager for an 
interview appointment. (b) Junior Engineers 
(aged 21/29) are also required, and applicants 
for these posts should have some technical 
training and preferably previous experience. 
Please write as above. W 2500 





UNICAM INSTRUMENTS LTD. Electronic 
Engineering. Applications are invited from 
electronic engineers for positions in the devel- 
opment and inspection departments of Unicam 
Instruments of Cambridge. This company is 
engaged in the manufacture of important 
instruments, combining original optical and 
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electronic design, which are much in demand 
for academic and industrial research and 
Process control the world over. Good salaries 
according to qualifications will be paid. Appli- 
cants should send full details of age, educa- 
tion and experience to the Personnel Manager, 





SITUATION WANTED 


SALES EXECUTIVE 6} years design and sales 
experience of Communications and Govern- 
ment contracts requires similar commercial 
Jot, Sonenten H.N.C. Standard. Box No. 








Unicam Instruments Ltd., Arbury Works, 
Cambridge. W 2836 
ULTRA ELECTRIC’ LIMITED, Western 


Avenue, London, W.3. Electronic Develop- 
ment Engineers are required in all grades for 
work on (a) subminiaturization of V.H.F., radio 
and audio circuitry, (b) transistor applications, 
(c) V.H.F. communication, (d) pulse techniques, 
(e) radar and radio navigation. Applications 
are invited from (a) Senior Development 
Engineers with Degree or equivalent qualifica- 
tions, and more than five years’ experience in 
one or more of the above fields. (b) Junior 
Engineers with Degree or H.N.C. with or with- 
out experience for work in the above fields. 
(c) Test Equipment Development Engineers with 
experience of design of test equipment to meet 
production requirements. The posts are per- 
manent and pensionable, and offer scope for 
the right men to work in ideal conditions in 
modern, well-equipped Laboratories. Please 
write in strict confidence to the Personnel 
Manager for an interview appointment. W 2501 





+ products. 


VANDERVELL PRODUCTS LTD., Bearing 
manufacturers for the Automobile and Aircraft 
Industry have vacancies for Chemists _and 
Assistants in their laboratory and works. Good 
salaries offered in accordance with qualifica- 
tions and suitability. 5-day week. Application 
for employment forms from The Personnel 
Manager, at Cox Green Road, eee. 


WINSTON ELECTRONICS LTD. have a 
vacancy for an Engineer in their development 
laboratories. Applicants should have H.N.C. or 
equivalent, and should have several years’ ex- 

rience on audio frequency circuits. A know- 
ledge of line communication systems would be 
an advantage. This post calls for a_ reliable 
man who can work with a minimum of super- 
vision, and the salary will be generous for the 
right man. Apply in writing to the Chief 
Engineer, Winston Electronics Ltd., 1 Park 
Road, Hampton Hill, Middlesex. W 1263 


WORKS MANAGER ee for factory em- 
ploying 700 engaged on the production of elec- 
tronic equipment, radio components, etc. Must 

experienced in flow production techniques 
for machine and assembly operations, and able 
to undertake the preparation of factory lay- 
outs for this class of work. Experience is also 
essential in selecting, engaging and _ training 
labour and in handling labour negotiations. This 
is an opportunity for a man of drive and initia- 
tive, who is acutely cost-conscious, to join an 
old-established company expanding its ranges of 
t Salary £1,500/£1, per annum 
depending on experience and qualifications. 
There is a staff pension scheme in operation. 
Write giving full personal details in confidence 
to Secretary, The Edison Swan Electric Co. 
Ltd., 155 Charing Cross Road, London, see 


WORKS OR MAINTENANCE ENGINEERS 
required for factory in Sunderland. Must have 
had experience in installation and operation 
of factory services, including heating, venti- 
lation, water, gas and electricity supply; main- 
tenance of machine tools and appliances used 
for light mass production work and drawing 
office experience in mechanical design. Ability 
to control office and works staff is necessary 
Salary £750/900 per annum. Apply Personnel 
Superintendent, The Edison Swan Electric Co. 
Ltd., Cosmos Works, Brimsdown, Enfield. 
Middlesex. W 2909 


WORKS STUDY-METHODS. Engineer with 
Time Study experience required for work on 
Radar & Electronic Equipment. This appoint- 
ment offers scope for advancement. A _ super- 
annuation scheme is in operation together with 
canteen and welfare facilities. Applicants should 
apply in the first instance for a technical staff 
application form to the Personnel Manager. 
E. Cole Ltd. Malmesbury. W 2852 
WRIGHT & WEAIRE LTD. Vacancies occur 
at Simonside Works, South Shields, Co. Dur- 
ham, for Senior and Junior Radio and Elec- 
tronic Engineers, also those with magnetic 
recording experience. Apply giving details of 
experience. WwW 


Further “ Situations Vacant’’ advertisements 


appear in display form on pages 108, 121, 
127, 128 and 129. 
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FOR SALE 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. 

our display advertisement on page 127. W 202 
METALWORK. All types cabinets, chassis 
racks, etc., to your own specifications. Phil- 
pott’s Metal Works Ltd. (G4B1), Coa 
Street, Loughborough. 2776 
PHOTOCELLS, 27 M1, 90 CV, two 90 AV. 
Also two Corona Stabilizers, 1000 v and two 
85 A2. All new, cost £32. Near offer to £18. 
Box No. W 1267. 

STAINLESS STEEL BALLS, Phosphor Bronze 
and Brass Balls, Miniature Balls and Bearings; 
rompt delivery. Insley (London) Ltd», 21/22 
oland Street, London, W.1. Tel. GERrard 
8104 and 2730. W 1177 
SINE-COSINE RESOLVERS (3 in. Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker’s tin. Offered in quantity at less 
than one-tenth of cost. Export inquiries in- 
vited. P. B. Crawshay, 166 Pixmore ha 
Letchworth, Herts. W 153 








SERVICE 


CAPACITY available (immediate) for light 
assembly, wiring, soldering, cable forming, etc., 
up to 2,000 — hours weekly. Long or 
short runs, ‘ompetitive prices. 

Company. Highest _ credentials. A.LD. 
Approved. Works situated in Greater London 
area. Box No. W 2672. 

RELIABLE translations from and into German 
and Russian in all technological subjects and 
hysics. Write: ‘‘Translations,’’ 12 Lulot 
treet, London, N.19. W 1259 
THOMAS HILL-JONES LIMITED for Invicta 
Soldering Fluid, Graphite, Manganese. Grind- 





ing and pulverizing for the trade. Thomas 
Hill-Jones Limited, Invicta Works, Bow, E.3. 
Telephone: East 3285. W 2851 


WEBB’S SERVICE DEPT. for complete reno- 
vation of complex communication receivers of 
any make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than, 
maker’s original figures. Webb’s Radio, 14 
Soho Street, London, W.1. W 196 





EDUCATIONAL 


CITY & GUILDS (Electrical, etc.) on ‘*‘ No 
Pass—No Fee’’ terms. Over 95 per cent 
successes. For full details of modern courses 
in all branches of Electrical Technology send 
for our .% ee handbook—Free and post 
free. B.I.E.T. (Dept. 337C), 29 Wright’s 
Lane, London, W.8. W 142 
ELECTRONICS APPLIED TO INDUSTRY. 
Learn the basic principles and applications with 
our modern self-study course. Experimental 
work included if required. Free Brochure from 
E.M.I. Institutes, Dept. EE.56, London, W.4. 
(Associated with H.M.V.) W 2673 
FREE; Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., ity and Guilds, ete. 
Moderate fees. Write to E.M.I. Institutes, 
ey ry EE.29, London, W.4. (Associated with 
H.M.V.) W 2674 





T.V. AND RADIO—A.M Brit. I.R.E., City 
& Guilds, R.T.E.B. Certificate, etc., on ‘* No 
Pass—No Fee ’’ terms. Over 95 per cent suc 
- cesses. Details of Examinations and Home 
Training Courses in all branches of Radio and 
TN, rite for 144-page handbook — Free. 
B.I.E.T. (Dept. 337H), 29 Wright’s Lane, Lon- 
don, W.8. W 187 





PATENTS 


EXPLOITATION OF PATENTS. The pro- 
prietors of the following British Patents desire 
to secure commercial exploitations by licenses 
in the United Kingdom: British Patent No. 
671537—Microwave Lens Lattice, Matched to 
Space Impedance. British Patent No. 650041— 
improvements in or relating to Antennae of 
Radiators for Electromagnetic Waves 
British Patent No. 579746—Improvements in 
or relating to Directive Electro-Magnetic 
Antenna Structure. Please reply to Box A.C. 
03477 Samson Clarks, 57/61 Mortimer Street, 
w.!1. W 2884 
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SERVOMEX 





HIGH PRECISION SPEED CONTROLLERS 
Type M.C. 31 (illustrated) Type M.C. 43 (rack mounted) 
Type M.C. 44 (rack mounted, small) 





A LABORATORY TOOL OF THE HIGHEST PRECISION 


. ABRIDGED SPECIFICATION (M.C. 31 AND M.C. 43) 

SPEED 0-6,000 r.p.m. in both directions, in five ranges. 

TORQUE 21 ounce inches over the whole range of speeds. 

REGULATION From no load to full torque—6 r.p.m. 

TACHOMETER The built-in tachometer covers 0-6,000 r.p.m. in five ranges. 
The type M.C. 44 covers 0-10,000 r.p.m. with a torque of 3 ounce inches. 


All these instruments are capable of maintaining their speed to within 1 or 2 
. r.p.m. over a long period, with large variations in supply, voltage and frequency. 


for The most cxaching slavdads You 
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A.C. VOLTAGE STABILISERS ; 


A.C.2. 10 amp. (for immediate delivery) 
A.C.7. 30 amp. (now in production) 





FOR THE MOST EXACTING WORK 


These Stabilisers both employ a continuous servo with velocity feedback. They are 

insensitive to change of frequency—load power factor—temperature—supply wave- - 
form. They are unaffected by vibration and bumping, and have excellent long-term 

stability. Other important features are :— ' 


1. Output continuously variable. 5. Very wide range of correction 
2. Zero distortion. (The A.C.7. covers minus 20%, to 


3. Metered for current and voltage. plus 10%) 
4. Large power. Send for data sheet. 


can depen ow FLA WAC uD 


SERVOMEX CONTROLS LIMITED - CROWBOROUGH HILL - JARVIS BROOK - SUSSEX PHONE : CROWBOROUGH 1247 
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Electronic Timer 


The BTH Electronic Timer provides an ideal of the ‘ON ’—‘ OFF’ pattern—or alterna- 
method of accurate timing for industrial tively by employing a pair of contacts, 
and laboratory processes where high pre- opening and closing automatically — 
cision is required. The timing period is remaining closed throughout the timing 
initiated by closing a simple control switch period. 

TIMING RANGES (IN SECONDS) 
































TYPE FU21, FORM....| Al A2 A3 A4 AS A6 A7 A8 
Minimum setting (in secs.)...| 0.3 0.5 l 1.5 2 6 8 12 
Maximum setting " " .., 5 10 20 30 60 90 120 180 



















SUPPLY : 
200/250 volts. 40/60 cycles, A.C. 


CONTACT RATINGS : 

4 amperes at 250 volts A.C. and 
2 amperes at 440 volts A.C. (on D.C. 
circuits, rating depends very largely on 
the nature of the load) single-pole, 
double-throw. 






FEATURES 


e No moving parts except small con- 
trol relay. 

e Convenient and stepless variable time 
adjustment: 

e Standard radio valve used. 

e Chassis easily withdrawn—only one 
screw to remove. 

e High accuracy of repetition. 

e All components of proved reliability. 

e Location and installation easy owing 
to the small overall dimensions. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND re) 
Member of the A.E.1. group of companies . 
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--- but 

for specialised 
production 

in electronics... 





In its most advanced form, specialised production in electronics 
today calls for the combined skill, knowledge and experience of a 
diversity of techniques. 

These requirements necessitate not only first-class research and 
deveitopment laboratory facilities, but competent production, 
engineering and planning staffs. ee 

Plessey have these facilities, and many others, as closely integrated 
parts of a single division—the Electronics Division—and are, in 
consequence, able to offer a unique service to manufacturers for the 
limited or quantity production of their products. . 

Among those renowned organisations which have recently availed 
themselves of these services are included BTH, Decca, I.A.L., 
Kelvin Hughes,.Marconi’s Wireless Telegraph Company Ltd., 

and Laurence Scott & Electromotors Ltd. 


Radar display console manufactured 


for Marconi’s Wireless Telegraph 





Company Ltd. 


...you should see Plessey 


} 
ee 





ELECTRONICS DIVISTtON>« TELEPHONE: VALENTINE 8855 
THE P-t:-8-$.5-8-¥ CS: OPP: ANY GCE ee. oo Pe Oe Re ESS ex 
@ PE 3a 
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High quality material and 
dimensional precision are attributes 
of Bullers die-pressed products. 
Prompt delivery at competitive 
prices. 















We specialise in the manufacture of 
PORCELAIN 
for general insulation 


REFRACTORIES 

for high temperature insulation 
FREQUELEX 

for high frequency insulation 
PERMALEX & TEMPLEX 

for capacitors 





BLIOA 
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_,  BULLERS LIMITED ~~ 








MILTON »- STOKE-ON-TRENT » STAFFS == 
Phone: Stoke-on-Trent 2138! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 
Ironworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 1691 Phone: MANsion House 9971 — 
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If it does.... 

(if in other words, you find that obtaining pre- 
cision Thermo-setting Plastic components is a 
constant difficulty) . . . Contact the specialists 


qiriE Zinc 
& Xo, 


Zz A 


*1e casTEe® 





GLENVILLE GROVE - DEPTFORD - LONDON SE8 


A.1.D. Approved Factory 


METROPOLITAN PLASTICS LTD 





Phone : Tideway 1172-3 
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The performance ofjai 
only as good as 












M | > P| These reliable Plugs and Sockets, proved in 
U tiway UgS service, provide a quick positive connection for 


up to 28 terminations. They need lower inser- 


and Sockets for tion pressure per contact than any comparable 


product, and when fully mated a dust and damp 


q U | ck acti 0 n proof seal is provided between Plug and Socket. 


Considerable latitude in matching can be allowed 


a n d posi ti ve when they are used in rack mounting applications. 


These components are in regular use by :— The English 
CO n ac Electric Co. Ltd., Messrs. Marconi’s Wireless Telegraph 
Co.Ltd. and Messrs.Standard Telephones&Cables Ltd. 
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PLEASE WRITE i? FURTHER DETATLS TO;JEXI 
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! ofjany equipment is 
its terminals 
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in These versatile Miniature connectors provide 
ae perfect coupling between co-axial cables and M [ n lat U re 
er- instruments, and are extensively used in Tele- ° 
ble vision, Radar, and Communications equipment. he if meti cal ly 
mp They are 100% pressure and flash tested before e 
cet. despatch. The full range consists of a variety of sealed Co-axial 
yed Cable and Panel Mounting units of either plug 


ns. or socket type, and a recent addition is an elbow P| U gS a nd Soc kets 


connector for applications where it is desired to 


lish i 
a keep the face of the panel clear. Suitable for use to RCS. 3)? 


td. with co-axial cable Uniradio 32 and 43. 








A.R.B —- APPROVED 


POWER CONTROLS ' 


ee oe lee De 











TO;EXNING ROAD, NEWMARKET. TELEPHONE NEWMARKET 3181 
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The switching 
goes round 


and round... 




















It’s rotary switching and therefore 





simplified switching. The complications 
of contactors, relays and interlocks 


are eliminated. Austinlite Rotaries save 


room, money, wiring and maintenance: 





every switch is made for its job. Tell an Austinlite 
engineer what you want the switch to do, and 
leave the rest to him. Our works will make the switch 
he recommends however ‘ special’ it may be. A brochure 


‘Simplified Switching ’ describing the Austinlite range is available on request. 


Rotary switching is ‘Simplified Switching’ 


ask 7tustinlite about it 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 
(A subsidiary of Stone-Chance Ltd., the makers of Sumo Pumps and Stone-Chance Lighthouses) 
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Marconi Broadcasting Transmitters 


The greatly differing needs of broadcasting 
systems and stations call for many types 
of transmitters. - Marconi’s make ten 
types as standard, and these can be 
modified to provide for variations in 
requirement. Equipment for paralleling 


transmitters offers advantages in con- 






tinuity of transmission while dealing with faults, 
and Marconi’s have evolved a system which 


introduces an isolating circuit of nearly infinite | — ghown above is the MF Unattended 2 kW Type 
BD210C with the combining, aerial matching, and 


impedance between transmitters whilst allowing drive units housed in the left hand cabinet, the 
remainder being the transmitter units, which are 


combined in parallel. The 600 W Type BD210A 


output signals to pass into a common load. and 11 kW Type BD210B utilise one or two 
transmitter units respectively. This series has been 
This system may be arranged for efficient designed to serve the recent trend in technique 


which calls for unattended transmitters set up at a 
‘ ¥ redetermined frequency and thereafter completel 
and economical operation at half power. ccaineaemmatied. ‘ oe 





The first advertised radio programme was broadcast from Marconi’s Chelmsford transmitter 
in 1920. Today 75% of the countries in the world rely on Marconi broadcasting equipment. 


Lifeline of communication 


MARCONI 


Complete Broadcasting and Television Systems 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 


Partners in Progress with The ‘ENGLISH ELECTRIC’ Company Ltd. 
LB 4@ 
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Putting 


PRECISION 


into thee PRODUCTION LINE 
from GOODS IN to FINAL TEST 


RAPID — SIMPLE — DIRECT-READING INSTRUMENTS 


DESIGNED 
FOR 


QUALITY 
PRODUCTION 

a 4 TEST BY 
PRECISION RESISTANCE F E M A LE 


BRIDGE Type RGV 


Resistance Range 0:01 OHMS to 100 OPERA TORS 
MEGOHMS 








Accuracy DIRECT READING 
+0:1% +1 milliohm (0-01-10 nailing vom L and C 


Megohms) +0-5% (1-100 Megohms) 
Load on unknown less than 10 milli- 
watts 


L-C-R TOLERANCE 
INDICATOR Type KZS. BN 5500 
10 OHMS to 1 MEGOHM 
100 uhs to 2 mHys 
10 pF to | mF 
4 ranges 
25% to +2:5%, —6% to +6% 

—12% to +12%, —25% to +25% 

Accuracy +5% of full-scale reading 


INDUCTANCE METER 
0.1 uHy to 1 Hy 
Type LARU.BN 160 


7 Ranges 
0-1 to 1/10/100nHy/1/10/100/1000mHys 
Accuracy +1% +0-01 »Hy 


CAPACITANCE METER 0-10mF 

Type KARU.BN 510 

6 Ranges 0-100/1000 pF 
0-0-01/0-1/1/10 mF 

Accuracy +1% +0°5 pF 





These instruments represent only a few of a co-ordinated 
range covering production and laboratory requirements from D.C. 
to Decimetre wave-lengths 


AVELEY ELECTRIC LTD. 


AYRON ROAD, AVELEY, ESSEX 
London Office: 44 TOTTENHAM COURT ROAD 
LONDON, w.1 ELEY BSS 


U.K. CONCESSIONAIRES FOR ROHDE & SCHWARZ, MUNICH 


Telegrams : AERSALE, WESDO, LONDON Telephone : LANgham 7097 
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| THIS YEAR? 


HIGHLY developed 
range of oscillators, 
amplifiers, level meters, 
» attenuators, and recorders 
_ provides for comprehensive 
yet streamlined test equip- 

| ment to meet your needs. 





; May we assist in speeding 


up your production testing 
of precision equipment 


PORTABLE T.MSS. 


40 c/s to 40 Kc/s — 70 to + 22dB 
Operates from A.C. 110/220V 
Batteries 6V/24V D.C. 
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Telegrams : AERSALE, WESDO, LONDON. 


MEASURING SETS 


THE TY PICAL RACK illustrated 
measures and records automatic- 
ally the insertion loss in 4 terminal 
networks, and impedance of bal- 
anced and unbalanced 2-terminal 


networks and balance return 
losses in the range 300 c/s to 660 
K/cs. : 

Cable and line testing is provided 
for. 








A Complete Range of 


AUDIO AND CARRIER FREQUENCY TRANSMISSION 


| from PORTABLE EQUIPMENT to 


| FULLY AUTOMATIC stripchart 
RECORDING GEAR 


ROHDE & SCHWARZ AGENTS 

in principal countries include :— 
AUSTRALIA— Electronic Industries 
Imports Pty. Ltd., 139-143 Bouverie 
St., Carlton, N.3, Vic. 


BELGIUM—F.M.I.T., Fournitures de 
Materiel, Industriel et Telecommunica- 


tions, 79 Chaussee de Charleroi, 
Brussel 
CANADA—The Ahearn and _ Soper 


Company Limited, P.O. Box 715, 
Ottawa 


DENMARK—Tage Olsen A/S, Vestre 
Boulevard 4, Kopenhagen V 


ENGLAND—Aveley Electric Ltd., 44 
Tottenham Court Road, London, W.1! 


HOLLAND—C. N. Rood, 37 Weter- 
ingkade, Den Haag 


INDIA—Toshniwal Bros. Ltd., 198 
Jameshedij Tata Road, Fort, Bombay | 


NORWAY—DMorgenstierne & Co., 


Radhusgt. 9, Oslo 


SWEDEN— Elektronikbolaget AB, 
Barnangsgatan 30, Stockholm/SO 


SOUTH AFRICA (Pretoria) — S.A: 
Electro-Medical, 36-38 Trysa Build- 
ings, Andries Street, Pretoria 


U.S.A.—Federal Telephone & Radio 
Comp., 100 Kingsland Road, Clifton, 
New Jersey 


ROHDE & SCHWARZwnicu 


U.K. CONCESSIONAIRES :— 
AVELEY ELECTRIC LTD.. «vetey, essex) 

- London Office: 44 TOTTENHAM CT. RD., LONDON, W.1 

Telephone : LANgham 7097 
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VISUAL VALVE TESTER 





This equipment displays on a cathode-ray tube 
a family of la/Vg curves for any receiving type 
thermionicvalve. Eleven curves corresponding 
to eleven different grid voltages are presented 
simultaneously and a calibrated graticule 
permits rapid comparison with published data. 


Nine standard valve bases are provided, with 
facilities for connecting others, and the various 
valve electrodes are connected to the requisite 
supplies by a multi-button switching board. 


This permits any electrode to be connected to 
any supply without damage and also enables 
electrodes to be paralleled for test purposes. 


All external parameters Va, Vs, Vh, Vg, are 
continuously variable over a wide range and 
current and voltage values are metered. 

Full technical data is available on request. 





CINEMA 











A COMPANY WITHIN THE J. ARTHUR RANK ORGANISATION 


WORSLEY BRIDGE ROAD +: LONDON -: _ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS : 

Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4 

Atkins, Robertson & Whiteford Ltd., 100 Torrisdale Street, Glasgow, S.2 

F.C. Robinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16 
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THORN CONTRIBUTIONS TO 


space & weight saving 


IN EQUIPMENT DESIGN 


Swe ee : 
i - 


ATLAS MIDGET PANEL BULB  overan 
length: 14.6 mm. Bulb diameter: 6.3 mm. Rating: 28v., 
1 watt, 0.04 amp. Also available in 12v., 6v. R.A.E. and 
8.R.D.E. type approval. Flanged cap and single centre 
contact for easy replacement. 




















The need for saving space and weight in modern 
electronic and panel control equipment is an 
ever present problem. The Atlas Midget panel 
bulb was designed with these difficulties part- 
icularly in mind. Tiny in size, simply and 
robustly constructed, its success is confirmed 
by typeapproval fromtheR.A.E., Farnborough, 
and S.R.D.E., Christchurch. 

The development of the Atlas Midget panel 
bulb made possible the production of the Thorn 
Miniature Sealed Panel Lampholder, which 
has been developed specifically for the Armed 
Services. It is available with dimmer or in- 
dicator cap, and will withstand conditions of 
constant vibration and shock. 

Brief details are given below, but further 
enquiries are invited. 





THORN MINIATURE SEALED PANEL 
LAMP HOLDERS Overall length including 


contacts: 1.43 ins. Dia.: .75”. Weights: with Indicator 
Cap 0.276 ozs., with Dimmer Cap 0.644 ozs. Conform 
to Radio Components Specs. (Prov.) 201, Humidity 
{UDTAGEGDADUNUH Class. H.1. Temperature category 40/100 (-40°C. to 

+ 100°C,). Préssure sealed to 20 lbs./square inch. 


e Completely weatherproof and will withstand con- 
ditions of constant vibration and shock. Rota- 
tion of the dimmer cap controls the light output 























from bright to dim by means of an internal metal 
shutter. Developed originally for A.F.V.’s, Thorn 
Miniature Sealed Lampholders have many other 
obvious applications. 

The holders are insulated from the panel which 
can vary from y," to }” thick. Thicker panels may 
be counterbored. Single hole mounting facilitates 
fitting. Rotation is prevented by flats on the body. 
The lamp can be replaced without breaking seals, 
by unscrewing cap. 











INDICATOR TYPE 


THORN ELECTRICAL INDUSTRIES LTD ‘ 


AIRCRAFT COMPONENTS DIVISION, 105-109 JUDD STREET, LONDON, W.C.1 
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SPE 
delivery of precision 
QUARTZ Crystals 






















































Specialists in the 
manufacture of 
Frequency Control 
Quartz Crystals with- 
in the range 2,000 
to 20,000 Kc/s 

































































Small urgent orders can now 
be executed within days, at 
competitive prices. 
Ask for full details. 


CATHODEON | cavstats umirep 


LINTON - CAMBRIDGESHIRE 
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‘="*zr.0U O wm ’* 
a new insulant for electronics 





These valve holders, made from ‘ FLUON’ polytetrafluoroethylene 
by The Edison Swan Electric Co. Ltd., demonstrate the remarkable 
insulating properties of ‘FLUON’: 

Operating temperature range - 80°C. to 300°C. 


Operating frequencies 60 to 10° C.P.S. 
Power Factor 0.0001 
Dielectric Constant 2.0 

Water Absorption ' NIL 
Non-tracking 


Can‘E'rT.0OW’ 
solve YOUR problems? 


**FLUON’ is the registered trade name of the polytetrafluoroethylene manufactured by I.C.1. 
Please ask for full technical data. 
ean IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1. 


P.566 
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D AW INSTRUMENTS (6+ the Radio 
and Communications laboratory 


PULSE GENERATOR 
Type 412 
Pulse Widths : I, 10 and 100 microseconds 
Repetition Rate : | to 5,000c’s. 








F.S.D. Range : 


Type 613 : 
30mV. to 300V. 


Type 614: 
3mV. to 30V. 











<Q” METERS 


Frequency Range : 
Type 620 : 100Kc/s. to 25Mc/s. for 


production use 








Type 622 : 50Kc/s. to 75Mc/s. 
Type 623 : 25Mc/s. to 200Mc/s. 








Full technical data from: DAWE INSTRUMENTS LTD. 
99 UXBRIDGE ROAD, EALING, LONDON, W.5: EALING 6215 or from your Regional Agent : 


Midlands North of England Cheshire Scotland West of England Northern ireland 
Hawnt & Co., Led., | A. C. Farnell, Led., F. C. Robinson & Ptnrs., Land, Speight & Co., | Radford Electronics Ltd. | James Lowden & Co., 
59, Moor Street, 15, Park Place, 122, Seymour Grove, | 73, Robertson Street, | 149, Newfoundland Rd., | 11 oaRoenm® Street, 
Birmingham, 4 Leeds, ! Old Trafford, Manchester. Glasgow, C.2. Bristol, 2 Belfast. 
Central 6871 leeds 32958 Choriton 5366 Central 1082 Bristol $1132 Belfast 57518 

















‘See our exhibit at B.1.1.E. (Earis Court) June 28 — July 9. STAND 26, Block C. 
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Vow even Collet Porfotauance ¢ longot Life/ 
DSTER 


VOLTAGE REGULATING 
EQUIPMENT 


Incorporates New Plating Process 


Foster Transformers Ltd., being specialists 
in tapped Transformer Regulators, introduce 
a new contact surface finish to their products. 

The track over which the carbon brush 
operates is plated by the Dalic Process* with 
a non-oxidising, non-corrosive metal, thus 
giving a permanent low resistance contact 
surface. 

This enables the rating of the Regulator 
to be slightly increased, and, more important 
still, lengthens the working life of the Regu- 
lator under adverse atmospheric conditions. 

The process is being applied (as indicated 
by arrows) to our commutators and coarse 
and fine switches, as well as two new pro- 
ducts, a straight type slider regulator and a 
toroidal regulator. 





* Marketed by 
Metachemical Processes, Ltd. 







Bottom Right 
SLIDER TYPE REG 


Any nominal 
Vol; 






FOSTER TRANSFORMERS LTD 


SOUTH WIMBLEDON LONDON S.W.I9. Telephone LIBERTY 2211 








ae A ‘LANCASHIRE DYNAMO HOLDINGS’ COMPANY Vaya 
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FOR RESEARCH, DEVELOPMENT AND EDUCATIONAL LABORATORIES 






o¢ 
a 
o 


The practical way of learning 
about magnetic amplifiers 


ELLIOTT Magnetic Amplifiers are valveless, extremely rugged and operate for almost 
unlimited periods without maintenance. They provide D.C. amplification with high 
stability and are particularly suitable for current and power amplification from low 
impedance sources. 


To enable Engineers and Students to acquaint themselves practically with techniques of 
magnetic amplification ELLIOTT have designed this demonstration Magnetic 
Amplifier which may be incorporated in a wide variety of amplifier circuits. A 
comprehensive handbook supplied with the 

instrument describes the principles employed and 

E | L e O ; ' gives details of experiments which demonstrate 


the advantages of the various circuit arrangements. 


DEMONSTRATION MAGNETIC AMPLIFIER 


Send for full details 
ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON, S.E.13 (TiDeway 3232) 
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Germanium 





ww 


The G.E.C. range of Germanium Diodes comprises high and low back 
resistance types for use as F.M. and television detectors and noise limiters, 


V.H.F. mixers, telephony modulators and in other specialised applications. 


Germanium Diodes offer many advantages to the designer 
and they are being increasingly specified for use as clippers, clamping 
diodes, etc., in modern electronic equipment. 


GEX 56 (CV448) This high grade crystal which The hermetically sealed glass capsule construction 
has only recently become generally available is of special adopted by the G.E.C. is now universally recognised 
interest to the electronics engineer. It is a very high-back as the only satisfactory form. No major design 
resistance diode with a forward current of | mAat + IV, change has since been found necessary, although 
cnd a reverse current of less than 2 A, at 10 V. It is a continuous process of confinement and 
particularly notable for its stability under wide tem- detail improvement has produced the stable, 
perature variations. reliable and efficient modern product. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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AVAILABLE To you Now Free! 





If you manufacture products like electric‘lamps, coavea 


6 P A G E. S$ 0 F lenses, mirrors, C.R. tubes, foodstuffs, drugs and coated foila, 


then Bulletin 104 has been printed for you. Here is a 

wealth of detail describing and illustrating Kinney High 
$ 7] U & D TE. C ld ca || G A L Vacuum Pumps—how they work, quoting dimensions, speeds. 
and performance curves. Everything, in short, to 


A D VY, {| CG E A B 0 U T K, ] N N E demonstrate how indispensable Kinney Pumps are for up 
 f to date production processing. Bulletin 104 cannot fail to 

be of interest and (we sincerely believe!) profit. Pin this 

V, A G U U M PU M PS ad. to your note heading. We'll be glad to mail you by 


return. 


GENERAL ENGINEERING CO. (aapcurre) LTD. 


. Station Works, Bury Road, Radcliffe, Lancs. 
ENERAL ate 
oO R« L rreE 
c ‘ Telephone: RADcliffe 2291 (3 lines) Telegrams: “‘General’’ Raddifie 


London Office: 3rd Floor, 9 Victoria Street, London, $.W./ 
Telephone: Abbey 5278 
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High Performance 


VOLTAGE STABILISERS 


and 


REFERENCE TUBES 


Close tolerance burning voltages 
Wide range of operating temperature 
Good stability over life 

Freedom from output voltage ‘ jumps ’ 
Long operating life 


ALSO AVAILABLE IN 


SPECIAL QUALITY RANGE 


The high performance of Mullard stabilisers has been improved even 
further by the introduction of Special Quality types, which will operate 
satisfactorily under rigorous conditions of shock and vibration. These 
special versions of normal production types combine extra-rugged con- 
struction with what has proved to be an inherently reliable principle of 
design, and they will be available in addition to the normal range. 
Samples selected from every production batch of Special Quality tubes are 
tested against Services’ specifications to withstand impacts of 500g and 
vibration of 6g at 175 c/s. 

All three of the Special Quality tubes can be supplied with either pin or 
flying lead bases. Your enquiries for further details of these and other 
stabilisers in the Mullard range are welcomed at the address below. 




















Special Quality : : 
; No. Electrical Equivalent 
ae — ——— 
; Flying lead British oltage ge ees 
Pin Base bide Mullard Sasvians (Vv) (mA) rad 
M8098 M8142 85A2 Cv449 85 lto 10 115 
M8206 M8207 90C1 — 90 1 to 40 118 















































QUALITY 
VALVES 





MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
passat 
MVT 170 
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SWAKING OUT the facts | 






... the story of a 
PROTOTYPE CAR RADIO 


A new product—a car radio! How to 

be sure—absolutely certain—that its 
laboratory performance would always be 
duplicated on the road? Would vibration 
mar its performance, or shorten its life? 
Goodmans Vibration Generators, which 
accurately simulate vibratory forces of 
variable frequency and amplitude, find the 
answers—in the prototype stage! Recently 

a wise radio manufacturer sought Goodmans 
advice and a series of pre-production tests 
were carried out to vibrate the equipment 
from 10 ¢/s.to 500 c/s.at various amplitudes. 
The results, some of which are enumerated 
on the right, enabled positive design and 
constructional modification to be made, 
ensuring perfect, long-life peak perform- 
ance of every production model. 

Just one example of the service rendered to 
Industry by Goodmans Vibration Generators. 



































Pronounced vibration mode in main chassis, 
bending of base and movement of components. 


Spurious noises from loudspeaker, microphony in 
amplifier, and instability in output components. 





Tuner cover in resonance, setting up audio 
radiations. 


ANY PRODUCTION MODEL ts rEapy 
FOR THE WORST THAT THE ROAD CAN OFFER 


Thanks 48 


VIBRATION INVESTIGATION 


Phase-splitter Valve and Screening Can vibrating, 
causing peaking at this frequency with consequent 
audio distortion. 


Vibration mode evident, smaller “ between-wiring”’ 
components and connecting leads flapping freely. 


Protecting cover of power pack in resonance, 
generating objectionable sound energy. 


with OTTER Vibration Goncators 


If you have a vibration problem, whether it is fatigue testing, torsional vibration testing, flexure testing 
or structural investigation—consult Goodmans first—you may save many, many pounds on research and 
production costs. The Goodmans range of Vibrators extends from a model developing + 300 tb. to a 
midget with a force output of approximately + 2lb. 





Full details on request to Vibration Dept. E 


GOODMANS INDUSTRIES LTD., AXIOM WORKS, WEMBLEY, MIDDX. Telephone: WEMbley 1200 (8 lines) 
GD ° 
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I25V 30mA 
250V 300mA 


Specially designed for use in domestic Radio & Television 
receivers, these miniature rectifier stacks have an established 
position with manufacturers to whom reliability, small 
dimensions and low costs are important. 


FEATURES 


e gece PRE > SP @ Withstand overloads such as 


charging current of de-formed 





@ Unlimitedi load electrolytic capacitors 
@ No limit to size of reservoir Low heat dissipation 
capacitor 


Practically indestructible in 


@ Simple mounting—no valve holder sarvite 


Simple wiring—two connectors 
only 
Small size . . . low weight 


Low cost 


SELENIUM 









RECTIFIERS 


snide ait 


Standard Telephones ond Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


RECTIFIER DIVISION: Edinburgh Way, Harlow, Essex. Telephone: Harlow 26811 
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6’ 0” Enelosed 
Standard 
Cabinets 


These superior enclosed Cabinets are 
available at an economical price, yet still 
maintain, to perfection, the excellent 
standard of material, craftsmanship and 
finish that has become a feature of 

the H. & H. range. These Cabinets may be 
used singly or, as shown below, in Unit 


Formation—in which case the protruding 





side panels are removed and the units 


bolted together. 


A Catalogue of H. & H. Cabinets, Rack and Cases, giving 
details of the full range, is available upon request. 














a 
mM 
. ie 





——— 
See our STAND No. 141, at the R.E.C.M.F. Exhibition —_—— 


Grosvenor House, London. April 19th to 2ist 1955 


Hassetts _— lid 


REGENT PLACE, BIRMINGHAM, 


Telephone: CENtral 6418 (4 lines) 
LONDON: 140 PARK LANE, W.1 
Telephone: MAY fair 9651 (3 lines) 





















































Unit Formation 





CONTRACTORS TOTGOVERNMENT DEPARTMENTS 
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KLYSTRONS 


by ENGLISH ELECTRIC VALVE COMPANY LIMITED 


The valves tabulated below are examples from our standard range. The frequency coverage 
can be varied, within certain limits, to suit the requirements of equipment 


designers. Further particulars are available on request. 




















Minin Typical Operation 
Tube C.V. Mechanical R.F. Electronic Type of 
Type No. Frequency Power Tuning Tuner 
Range Output Range 
(Mc/s) (mW) (Me/s) 
K.300¢ 9320-9500 25-0 30 Micrometer 
K.328t 9550-9700 25-0 30 Micrometer 
K.302* 2164 9320-9500 25-0 30 Micrometer 
K.305* 2263 9250-9500 25-0 30 External Pin 
K.312* 2273 9430-9650 25-0 30 Micrometer 
K.313* 9645-9775 25-0 30 External Pin 
K.335* 2343 9555-9685 25-0 30 Micrometer 
K.308* 2282 8800-8900 30-0 30 Micrometer 
K.315* 9105-9205 30-0 30 Micrometer 
K.317* 8200-8300 30-0 30 Micrometer 
K.311* 8500-9500 40-0 25 Shaft 
K.324* 2304 9000-10000 40-0 25 Shaft 




















t Operate into Standard British Waveguide (1-0” x 0-5” Inside Dimensions). 
* Operate into Standard American Waveguide (0-9” x 0-4” Inside Dimensions). 














EVGLISH ELECTRIC VALVE (CO. LTD. 


MARCH 1955 


D 


All valves are supplied with 
an integral resonant cavity. 











Waterhouse Lane, Chelmsford 
Telephone: Chelmsford 3491 





AP 300-1CO 
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Casting in Aluminium Alloy 


(approx. weight 208 Ibs.) 


C and L Hill LTD would welcome your enquiries for Non-Ferrous 
Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal, 
Phosphor Bronze, Aluminium Bronze, High Tensile Manganese 
Bronze, High Conductivity Copper, “ Hilchil ” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. Sand Castings in all Aluminium 
Alloys. Aluminium Gravity Die Castings. 


Hill facilities include 


Wood and Metal Pattern Shop. Fully Approved Laboratory and 
Test House with Inspection Organisation. Facilities for Radiology. 
Specialists in Development and Quantity Production of Castings 
for Radar. 


Design your Castings for SHELL MOULDING and save Machine 
Shop costs. 









MEMBER OF THE OWEN ORGANISATION 


You can support the B.R.M. 
through the O.R.M.A. (Owen 
Racing Motor ___ Association) 
Members £1. 1. 0 per annum. 
Associate Members 5/-. Car Badge 
(full members only) £1.10. 0 extra. 
Full details from : THE SECRE- 
TARY, ORMA, KENT HOUSE, 
MARKET PLACE, OXFORD 
CIRCUS, LONDON W.1. Tele : 
Museum 8901-6 
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CALL LD 


Tel : Willenhall 227 (4 lines) Grams: Hill 227 Willenhall 
Branch Works : Wednesfield Road, Willenhall. 
Both our Foundries are available for Prototype Work. 


Stringes Lane, Willenhall, S. Staffs. 
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The new approach 
to Microwave Testing 





























Integrated Microwave Test 
Bench Frequency Range 
9,000/10,000 Mc/s. 


The Ferranti Integrated Microwave Tést Bench 
is designed for use in the 3 cm. band and is 
used for Laboratory and Production Testing. 
It incorporates the ‘MILLED BLOCK’ 
technique of waveguide manufacture which 
confers the following outstanding advantages : 


Improved Electrical Characteristics 
Ease of Operation 

Increased Robustness 

Lower Cost 


The wide range of standard tests which can be 
carried out with the equipment includes 
Impedance Measurement _ 
Velties Standing Wave Ratio Measurement 
Attenuation Measurement 
Insertion Loss Measurement 





FERRANTI LTD - CREWE TOLL - FERRY ROAD -: EDINBURGH 5 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 


ES/T7 
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TYPE W99 
MIDGET 
MOLDSEAL 








Look to HUNTS! 


For maximum reliability. Hunts capacitors for radio 
and electronic equipment include many types designed 
to meet the need of designers for decreased dimensions. 


Type W99 listed above is just one example taken from 
Hunts unparalleled range of capacitors for every 
purpose. 

Years of specialisation in nothing but capacitor de- 
sign and manufacture has enabled us to achieve 
and maintain that long-lasting reliability, and out- 
standing performance which 
characterises every Hunt 
product. 





REGISTERED TRADE MARK 





TYPE W97 
MIDGET 
THERMETIC 
—100°C to + 120°C 









Please write for leaflet 
giving full details of types 
for all applications. 


CAPACITORS 


THE TRADE MARK OF RELIABILITY 
Established 1901 






A. H. HUNT (Capacitors) LTD, WANDSWORTH, LONDON, S.W.18 BATtersea 1083-7 
ond in Canada HUNT CAPACITORS (Canada) LIMITED, AJAX, ONTARIO 
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EVERSHED & VIGNOLES LTD 
ACTON LANE WORKS CHISWICK LONDON w4 
Telephone Chiswick 3670 Telegrams Megger Chisk London : Cables Megger London 


MARCH 1955 


WATCHING BRIEF 
new Vhisintek. Meteoe [ EVERSHED | 


The modern trend towards miniaturisation in industrial control 
equipment has led to the design and development of the Evershed 
Miniature Recorder. Illustrated below is a Control Desk recently 
supplied to the Grangemouth Refinery of Scottish Oils Ltd., on which 
38 recorders are fitted. They have also been supplied for the new 
Anglo-Iranian Refinery at Aden. 

The Evershed Miniature Recorder has the maximum self-contained 
ranges of 500 v. or 10 amperes and will prove to be of great use to 
engineers and designers throughout industry. It is suitable for either 
flush or surface mounting or can, by the use of a leather sling, be used as 
a portable instrument. 

Although compact, measuring only 4}-inches wide by 6}-inches high 
and 9-inches deep, the recorder will give a continuous record for one 
month. The movement which is of the moving coil type is calibrated 
to B.S. 90—1940 requirements. 


FOR FULL DETAILS, WRITE FOR PUBLICATION EE 282 
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NOW... Production with 
Tool Room Accuracy 


attainable with the 
HARDINGE 
PRECISION 
CHUCKING 
MACHINE 










You can easily maintain close 
tolerances, get better parts finish 
and at the same time substantially 
cut costs by putting Hardinge High 
Speed Precision Chucking Machines 


to work. aa 


These results are possible because 
parts are finished in one setting 
with simplified tooling. All parts 
shown were produced with stan- 
dard tool bits. 


‘* | . eo 
_ 1” Collet Capacity—6” Chucking 
Capacity. 
Write to-day for Bulletin HC-HCT 
which presents the whole story. . > 


HARDINGE MACHINE TOOLS LTD 
(One of the Sheepbridge Group) 


Feltham, Middlesex. Telephone Feltham 3221/5. Telegrams HARDINGE Feltham 


Soe 


Fs 
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There’s a 





big future in 


printed circuits 





| and dip-soldering— 
consult ENTHOVEN 


who can provide 











| everything necessary 


BEE i EDI te OS 


to ensure perfect results 
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VIZ 


“A New 
STABILISED POWER SUPPLY UNIT 
-on PHOTO-MULTIPLIERS 


Ediswan now have available a new stabilised power supply unit 
which has been specially designed to feed Photo-Multipliers. 
It is particularly suitable as a supply unit for Ediswan Mazda 
Photo-Multipliers type 27.M1, 27.M2 and 27.M3. 











OU F Poget 





INPUT | 


BRIEF SPECIFICATION —Type R.1184 





STARE ET Y. | OUTPUT RESISTANCE eR ig gt Sie = 





High stability low ripple 
D.C. supply variable be- 
200 - 250 v., 40- 100 c.p.s. tween 300 and 1,100 volts. 
| Max. current 2 mA. Pos. 
| or neg. may be earthed. 








A 10% change in mains 
input voltage results in a 
change of less than 0.1% 
between 1,100 volts and 
600 volts output. 


| 





Approximately 1,500 ohms. 





MOUNTING The Unit is suitable for standard rack mounting or for bench use. Bench Stands are available. 





Less than 0.01°% R.M.S. 











a ee 


Ati aE 





wls 


as 


PRICE '— 


£48 


Further information is available on request 


EDISWAN 


RADIO DIVISION - THE EDISON SWAN ELECTRIC COMPANY LIMITED 
155 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
Member of the A.E.I. Group of Companies 
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A Relay of noteworthy dimensions, designed in size and per- 
formance to suit present day electronic equipment. The new 
2400 Relay is available with twin light duty or single heavy duty 
contacts. ; 

When fitted with a 10,000 ohm coil, the pull-in is approximately 
4 milli-amperes; contact pressure and clearance have not been 
sacrificed to achieve this sensitivity. 

DIMENSIONS: Above chassis 2}” high x 1” wide x 13” deep. 
WEIGHT: 4} ounces. 


MAGNETIC DEVICES LTD 


ee ae oe 
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The Cossor Double Beam Oscillograph Model 1035 
in use in the Research laboratories of Saunders-Roe Ltd., 
the famous flying boat manufacturers. 


In displaying the mutual effect of two related and variable 
quantities simultaneously the Cossor Double Beam 
Oscillograph is solving many of the fundamental problems 
with which the Research and Development scientist is 
constantly beset. In the Production field, too, there are 
innumerable problems capable of complete solution by 
this versatile instrument and every branch of industry is 
realising the enormous potential of this apparatus in the 
detection and analysis of faults and the accurate monitoring 
of manufacturing processes. 

The technical advisory staff of the Instrument Division is 
always at your service to help with your particular problem. 





%* In the Cossor Double Beam 
Oscillographs Models 1035 and 
1049, the two traces are presented 
on a flat screen of 90 mm. dia., and 


the amplifiers are so calibrated 





that measurement of the voltage 
input as well as the time interval 
between various significant por- 
tions of the oscillogram is made 
possible. Permanent records for 
subsequent analysis may conveni- 
ently be made by attachment of 
Cossor Camera Model 1428, for 
which there is also a nine-speed 
Drive Unit Model 1431. 


The Technical Advisory Staff of the Cossor Instrument Division is always at your service. 


( () \ te () R ELECTRONIC §= INSTRUMENTS 


Please address enquiries to 
A. C. COSSOR LTD 
Telephone ; CANonbury 1234 (33 lines) 
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Telegrams : Cossor, Norphone, London 


Ci.68 


INSTRUMENT DIVISION (Dept. 14) HIGHBURY GROVE «+ LONDON < N.5 


Cables : Cossor, London 
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THE NEW 


SILICONE 


ENAMELLED WINDING WIRE ae 

















SEVERAL YEARS’ RESEARCH lies behind 
the introduction of the new silicone wire 
enamel MS i360. It has the toughness, 
flexibility, solvent resistance and adhesion 
expected of modern wire enamels and in 
addition has outstanding heat stability. 


Accelerated life testing of electric 
motors wound with MS 1360-enamelled 
wire and insulated with silicone-bonded 
(Class H) components indicates that such 
motors, when operated at an average 
copper temperature between 160°C and 
i80°c, have a life comparable to Class A 
insulated motors operated within their 
normal temperature limits. 

MS 1360-enamelled wire is available in 
fine and medium coverings, as defined in 
B.S. 1844. Ask for Silicone Notes Cc 18— 
Silicone enamelled wire. 

Information about suppliers of wire 
and silicone insulating components is 
contained in Silicone Notes c 19, obtain- 
able on request from: 


MIDLAND SILICONES ww. 


(associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION) 





first in British Silicones 


AZ Be) 


19 UPPER BROOK STREET « LONDON ¢« W.1 «© TELEPHONE: GROSVENOR 4551 


TBW MS 43 
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URRET PUNCH PRESSES 


| Type R2 This powerful hand-operated press is 

speedy and simple to operate. With 12 punch 
stations it will handle an exceptionally wide range 
of work, and is essential for the efficient produc- 
tion of short-run jobs. 







Type R4 (With optional standard gauge » 


attachment) 
The deep throat of the Model R4 enables an even 
wider range of work to be handled. Round, 
square, rectangular or shaped holes produced 
with equal ease. Turrets rotate freely to the desired 
station and are positively indexed and locked. 














SPECIFICATIONS R2 R4 
WAI OMEN one asc Seas ace iz" 24” 
No. of punch stations... ... 12 12 
Max. punch diameter... ... 24’ 2h’ 
Punching capacity: 24” dia. in 1/16” thick miid steel 
iis ile be eae eum ” 
AS 2 ae EARLY DELIVERY 


Also available are various power-operated models up to 80 tons pressure capacity 


BRITISH BUILT TO THE ORDER OF :— 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) @ Telegrams. ACCURATOOL HAMMER LONDON 
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A New Standard Cell 
by 


MUIRHEAD 
£3.0.0 


Post free in U.K. 





ACTUAL SIZE 


D-698 WESTON STANDARD CELL 


his new cell combines the robustness and small size of our D-550 Miniature Standard Cell 
f a high capacity previously only obtainable in larger and more expensive types such 
as our D-402. 
Whether you require a standard of E.M.F. for an industrial application or for laboratory use, 


this new cell will meet your needs and give many years of reliable service. 


SPECIFICATION 


E.M.F. 1.01859V+ 1102V—gorV at 20°C, 
Temperature coefficient —o.o0004 per °C, 

Discharge rate Up to 20zA for short periods 
Internal resistance 600 ohms 

Overall dimensions 48" x1" x 33” 

Weight 4 OZ. 


Our D-550-A and D-402 Weston Standard Cells are still available 


WRITE UNDER YOUR BUSINESS 
Lelintal ae) LETTERHEAD FOR 
PUBLICATION 5716 


PRECIS ON ELECTRICAL tNSTRUMENTS 
138 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
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STENBERG ce bases 








NEODYMIUM (Img/m!) 
as PERCHLORATE 





PERCENT 


SODIUM CHLOROPHYLLM 
tin 200000 
in SORENSEN BUFFER SOL™ 



















Percentage Concentration....? 


CONSTANT VOLTAGE required ! 


The Physicist tells us that with an_ electrical light 
source ; 


Intensity « (Volts) 


Hence in all photometric devices as used in spectroscopic 
analysis, it is essential that a reliable stabilized volt- 
age supply is available. The research chemist 
turns to “ Advance” Constant Voltage Trans- 
formers to fulfil this need for which they are 

so admirably suited. Full details given in 






We are exhibiting on 










STAND 21 folder M28, gladly sent 
The PHYSICAL SOCIETY 
EXHIBITION on request. 
April 25th — 28th 
and on A LY 
STAND 30 The illustration of QVYULCE 







R.E.C.M.F. EXHIBITION 
April 19th — 2Ise 


spectrophotometer by courtesy 
of Unicam Instruments. 






CONSTANT VOLTAGE 
TRANSFORMERS 






= ADVANCE COMPONENTS LTD 
MARLOWE RD., WALTHAMSTOW, LONDON, £.17 — 
Telephone : LARkswood 4366 


—aA<N 
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inductance 
coils 


wound on Ferroxcube cores 


D ESIGNERS of compact and efficient 

tuned circuits and wave filters are 
making ever-increasing use of Mullard 
high Q inductance coils. 

Based on Ferroxcube, the world’s 
most advanced magnetic core material, 
these coils combine small size with an 
inductance of up to 30 henries over a 
wide frequency range. Furthermore, 
their convenient shape and self screen- 
ing properties facilitate either 
individual mounting or stacking. 

Full details of these and other high 
grade components now available from 
Mullard will be gladly supplied on 
request. 

TYPICAL Q VALUES 

Special Features 

Small size 

Low hysteresis loss factor 

High value of inductance 

Low self capacitance 


Controllable air gap facilitating 
inductance adjustment 


Self screening 
Controlled temperature coefficient 


Operation over a wide frequency 
range 


1000 Easily mounted 
FREQ.Ke/s. 


eae ‘Ticonal’ permanent magnets, 
Mullard tt sree! neem 
YA Ferroxcube magnetic cores. 


MULLARD LIMITED - COMPONENT DIVISION - CENTURY HOUSE - SHAFTESBURY AVENUE - LONDON r bese 
MM459 
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Though our heads are sometimes 
in the clouds, we're mostly down to 
earth at BICC, making a wide range 
of products for the growing needs of 


telec fe tatyits 


—— products for 
winding wires for all types of coils. \ Le \ NY 
Telecommunications 


Further information and 








publications on these products may 


BRITISH INSULATED CALLENDER’S CABLES LTD. 
be obtained from our Head Office, or ) 21 BLOOMSBURY STREET, LONDON, W.C.! 


from any of our Branches or Agents 
throughout the World. 
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FOR UP-TO-DATE 


INDUSTRIAL | 
LUBRICATION | . : 
& PARTING > i 


A film of Colloidal Graphite | 


—simply applied by spray, brush or dip technique — coats 
friction surfaces which cannot be lubricated satisfactorily with 
oil or powdered graphite. 

The robust film of solid lubricant thus formed resists the ee 
highest temperatures encountered in hot, metal-forming pro- 
cesses such as forging, extrusion and die-casting. It reduces 
friction and wear, prolongs die-life and increases production. 

‘dag’ colloidal graphite provides the solution to many 
industrial problems involving lubrication at high temperature, 
parting, impregnation and electrical conductivity. | 

The Acheson organisation, manufacturers of fine dispersions . 
for half a century, place their specialised knowledge at your 
disposal. | | 


Let one of the Acheson service engineers demonstrate in your factory how ‘dag’ 
' dispersions can benefit you. 


ACHESON COLLOIDS LIMITED, 18, PALL MALL, LONDON, S.W.1 g 
Telephone: WHI 2034-7 Telegrams: OILDAG-PICCY-LONDON j 


Offices in London, Plymouth, Birmingham, Rochdale, Cheltenham, Rechmond. 
Sales Representatives in most countries overseas. 


my apcrmoeme P  sise3 


Also Acheson Colloids Company, kort Huron, Michigan, U.S.A. 


Colloidal Dispersions of Graphite, Molybdenum disulphide, Silver and other 
solids, in oil, water and volatile solvents for every industrial requirement. 
Please write for literature. 














TAS/AC. 74 
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P.O. TYPES TO YOUR 
SPECIFICATION 















3000 TYPES 


12 to 80,0002 COILS 1 Make to 8 
| cio CONTACTS. 600 and HIGH- 








SPEED TYPES also supplied. 


LARGE ‘a 


STOCKS IT KEYSWITCH CO. 


ALL POST OFFICE EQUIPMENT 













OF 
EYSWITCHES Enquiries to Sales Director 
126 KENSAL ROAD, LONDON, W.10 


Telephone: LAD 0666 and 4640 














i for for 

| INSULATED BARE 
WIRES WIRES 
: EUREKA & VACROM 

5 REGD. REGD. 

\ (CUPRO-NICKEL) (NICKEL-CHROME) 


‘Eureka’ (Regd.) and ‘Vacrom’ (Regd.) Resistance Wires can be supplied BARE or 
with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 

These wires have been used for many years for winding resistances for instruments, 
control apparatus, etc. 

‘Eureka’ with its low temperature coefficient is always in demand for precision work, 
while Nickel-Chromes are used where a high resistance is required in a limited space. 


Full details gladly supplied upon request 


THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 


» 74 AND SMITHS, LIMITED 75 ST.SIMON STREET, 
'T Sade), mae), bole), mm ame SALFORD 3, LANCS. 
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I.C.l. silicone resins, rubbers and fluids 
have outstanding properties which enable them 
to solve many problems in the electrical industry 


Remarkably stable over a wide 
temperature range 

1.C.1. silicones are Resistant to chemical attack 
Water repellent 
Excellent dielectrics 








Sqageseseussssaencasecsgsasaccanadas 
For motor insuiation, bi 
insulating varnish for bonding 

1.C.1. silicone resins glass- and asbestos-served wire, 


glass cloth and coil impregnation. 


For cable covering, insulating 
tape and cloth, and caulking 


1.C.I. silicone rubbers 
and sealing applications. 








For dielectric applications 
and for coating ceramic and 


I.C.1. silicone fluids ae 
porcelain electrical equipment. @oay% 


1.6.1. SILICONE RESINS, RUBBERS AND 
FLUIDS FOR THE ELECTRICAL INDUSTRY 


Electrical Engineers Exhibition 
15-19 March 
Earl’s Court Stand No. 213 


ANS fe 
Fat) Me 
Enquiries should be addressed to : Rhiw Bes 


IMPERIAL CHEMICAL INDUS€A 


NS. 19 
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FLEXIBLES WIRES 
TAPES & SLEEVINGS 


IOLPATED P.V.C. marks a new era in the field of electrical insulation. It is the basis of 
“Permanoid” Grade VO insulated Wires, Flexibles, Sleevings and Tapes. These retain 
their full flexibliity and freedom from embrittlement over the widest temperature range yet 





achieved, viz. from—35°C. to 150°C. More important still, numerous manufacturers report 
that the flexibility of these insulated Wires and Sleevings remains unaffected after varnish 
impregnation at temperatures up to 150°C. The new polymeric Diolpate plasticiser is not 
leached out with this drastic treatment. Similarly Diolpate prevents the possibility of age 
hardening and at the same time, being a plasticiser of the non-migratory type, it makes P.V.C. 
sheaths quite safe to use in conjunction with polythene insulated cores. In addition to all these 
advantages Diolpated P.V.C. has an increased tensile strength, a feature which is consider- 
ably important where connecting wires or sleevings ate liable to receive rough treatment. 


* ‘DIOLPATE’ is the % ‘ PERMANOID’ Grade 
registered name for the VO flexibles, covered wires, 
nen Polymeric _ plasticisers tapes and sleevings, are 
manufactured by Briggs and available in a wide range 








Tounsend Ltd., and marketed 
by R. W. Greeff > Co. Litd., 
12, Finsbury Circus, London, 
BC.2. 


of sizes and colours at 
competitive prices. Technical 
leaflets, giving full details and 
prices, on request. 









ee 
Formerly ASSOCIATED ‘sag. Ea (wa _sNEW ISLINGTON 
TECHNICAL MANUFACTURERS L. ‘€& eA castaS ‘MANCHESTER 4. (347353 


S ASST 
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For specialpurposeco 


oe contact Plessey 


Plessey have long specialised in the design and 
mass production of miniature electrical 
connectors of high reliability. 


In particular, Extra High Tension connectors having 
high insulation properties and suitable for high 
voltages, are available. There are two types, 
Demountable ( 7kV. peak) as illustrated and Moulded 
(10kV. peak) as shown in outline. Both are 
interchangeable and units of each are obtainable for 
free cable, bulkhead or panel installations. 


EHT 


CONCENTRIC 


TYPES 








Panel plug or socket Cable plug or socket 


S HF 
TYPES 


Plessey also manufacture a range of highly efficient 
interchangeable connectors for the effective and 
reliable termination of Uniradio Cable operating 
equipment in the Super High Frequency bands (above 
a hundred megacycles and up to 10,000 megacycles). 


Basically designed for 70-80 ohm lines these units are 
standardised so that no confusion can arise when 
making connections between various S.H.F. devices. 


CU 


Cable plug minor Cable socket minor Cable plug major Panel socket major Panel plug major 



































These Publications are available on request .. . 


Publication No. 560/1 on Plessey E.H.T. concentric connections. 
Publication No. 672/1 on Plessey S.H.F. connections 


THE PLESSEY COMPANY LIMITED. ILFORD, ESSEX. 
®) PB? 
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Cast in ARALDITE 


This component is a part of the ‘Agglometron’* oil treatment 

chamber. It was cast in ‘Araldite’ because :— 

* An outstanding electrical insulator was needed 

* It had also to be oil-resistant 

* It was important that it should lend itself readily 
to casting and machining. 

‘Araldite’ as a casting and as a bonding resin is used 

in many components of the ‘Agglometron’. Its 

electrical and mechanical properties, its exceptional 

adhesion to metals and ceramics, its resistance to 

high temperatures, humidity and corrosive 

agents suggest other uses in which the execu- 

tion of new designs can be made practicable 

and the production of electrical compo- 

nents greatly simplified. May we send 

you full descriptive literature ? 


A ta l d 1 te epoxy casting resins 


‘ Araldite is a registered trade mark.’ 
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A MEMBER OF 


THE 
(KS) RTSC GROUP; 


COOKLEY WORKS, BRIERLEY HILL, STAFFS. HEAD OFFICE: RTSC HOUSE, PARK STREET," LONDON, W.! 














Electronic 
Engineering 


| 
| Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD 
Managing Editor H G. Foster M.Sc. M.LE E. 
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Cut the stress | Contents 
Commentary 


and stra ore | Some Aspects of V.H.F. Sound hideaitaasiatia't and F.M. 


Broadcast Stations (Part 1) 
By Pe T. BEvan 


from spring oe ae ae mana in = 

| By R. J. CaNAway, W. F. RAYMOND and J. C. TAYLER 
. The Operation and Loading Characteristics of Valve 

cal eul ation Oscillators for Dielectric Heating (Part 1) .. 

By V. L. Aran 


A Single Cycle Timer for Small Spot Welders .. a 
By G. O. CROWTHER and L. H. LIGHT 


A ’ RATCLIFFE : | A Portable Restriking Voltage Display Unit .. ie 
SPRING CALCULATING By J. W. ARMITAGE 


A Technique for Non-Linear Function Generation 


SLIDE RULE By P. N. NiKIFORUK 


Analysis of the Common-Base Transistor Circuit 
By FRANCIS OAKES 


% Scales allow all calculations involved in the | eee pues for the a hina ae 
ea Cable : 


design of helical tension and compression springs Industrial Television for British Electricity Authority 


to be made at one setting ! Gain Measurements on Computing Amplifiers . . Ae 
By A. B. JOHNSON 


% Upper slide for stress and load calculations ! || An Approximate Treatment of Cascaded Four-Terminal 
Networks +. : : 





’ : P By H. L. ARMSTRONG 
% Wahl’s stress correction calculated quickly ! er en 

Notes from North America 
Short News Items .. 
Letters to the Editor 

Book Reviews 

* Price £3. 3. 0.. Send for one today. Electronic Equipment 
Meetings this Month 
Publications Received 


LORE hfe | Published Monthly on the last Friday of the preceding month at 
28 Essex Street, Strand, London, W.C.2. 


THE SPRING SPECIALIST 
Telephone: CENTRAL 6565 
Telegrams: ‘ LECTRONING, ESTRAND, LONDON’ 
CRAWFORD SPRING WORKS Subscription Rate: 
(Home or Abroad) Post Paid 12 months 26s. or $4 (U.S. or Canada). 


ALLEN STREET + ROCHDALE + LANCS | Classified Advertisements, Page 1 


Index to ADVERTISERS, 133 and 134 


* The rule is essential to engineers and draughts- 
men, is soundly constructed and supplied in a 
strong case complete with instructions 
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Transmitter designers are now offered a complete 
range of V.H.F. tetrodes by Mullard. 
These high efficiency, high gain tetrodes make 


possible the design of transmitters with fewer valves 
and, consequently, reduced initial cost. 
g 3 J The higher overall efficiency of equipments fitted with 


Mullard tetrodes results in lower running expenses— 


FOR EM. & TELEVIS | ON TRANSM ITTERS a factor in the growing popularity of these valves inthe 





PRINCIPAL CHARACTERISTICS 


world market. Further details 
of these tetrodes and other 
Mullard valves and tubes may 
be readily obtained from the 
address below. 








MULLARD AMERICAN 


TYPICAL LOAD 
BASE HEATER |V, max.|p, max.| POWERS AND 
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EW of us can remain unaware of the low state of 

efficiency into which the British railways have fallen 
in recent years and while the politicians have been argu- 
ing the respective merits of nationalization and de- 
nationalization the general public has come to regard the 
transport system of this country as a heavy liability 
rather than an asset. 

That the railways in particular have run down no one 
denies, and prominent among the causes are the severe 
usage to which the railways were subject during the war 
and the subsequent lack of capital investment which has 
prevented the replacing of its worn-out and obsolete 
equipment. 

However, the ills afflicting the railways are soon to end 
for the British Transport Commission “convinced that 
an efficient and modernized railway system is essential 
to the economy of the country” have recently laid before 
the Minister of Transport a plan by which it hopes “to 
produce a thoroughly modern system fully able to meet 
both the current traffic requirements and those of the 
foreseeable future”. 

The plan involves the outlay of no less than £1 200 
million and during the next fifteen years will produce a 
complete transformation of the railway system as we 
now know it. At the end of that period we shall have 
said farewell to the steam locomotive and welcomed in 
its place the 100 m.p.h. electric or diesel unit. 

At this early stage, full technical information on the 
proposals is naturally lacking but we are assured that 
“behind this brief presentation there lies a mass of 
detailed study” and no doubt we shall learn more as the 
plans proceed. 

Of particular interest is the section dealing with 
signalling and telecommunications. It is proposed among 
other things to modernize the existing telegraph and 
telephone systems and automatic train control equip- 
ment at a cost of some £100 million and the Commission" 
promises “to take advantage of all available develop- 
ments in telecommunication systems”. 

As far as communications between fixed points of the 
railways are concerned no serious criticism can be 
levelled for an adequate and satisfactory system has been 
built up. It is a fact of course that the railways were 
among the early pioneers of communications and it is 
worth recalling that the first inland telegraph system, 
probably in the world, was installed between Padding- 
ton station and Slough as far back of 1838. 

But in the field of mobile communication systems it 
would appear that little or no progress has been made, 
and the railways have fallen far behind current practice 
in America where very extensive use has been made of 
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v.h.f. radio for communication purposes between drivers, 
train crews and despatchers in marshalling yards. 
Experiments have been carried out by the British rail- 
ways since the war with v.h.f. mobile equipment with 
little success for it was obvious that the steam locomo- 
tives on which the trials were carried out were far from 
ideal for the purpose. The engine cabs were dirty, and 
the noise made intelligibility difficult. Power supplies 
were not easily generated and suitable aerial arrays 
could not be erected. 

But these are disadvantages associated only with 
steam locomotives and no doubt these points will be 
taken into account in the design of the future diesel and 
electric units. 

* * * 

In its annual report for the year ending June 30th 
1954, which has just been published, the National 
Research Development Corporation states that the 
electronic digital computor is still the largest single 
project undertaken by them and it is their intention to 
give their full support to its further development for 
some time to come. 

Of the total sum of nearly £1 million borrowed by the 
Corporation up to date, over £325 000 is accounted for 
by its work on computors, and further expenditure is 
envisaged. 

This is encouraging news for although expenditure 
in the U.S.A. on computors is believed to be many times 
greater, the Corporation is of the opinion that this 
country is in no way falling behind in the development 
of this intriguing machine. 

To date six large computors of the type installed at 
Manchester University have been built or are being built 
for the Corporation’s account and interest is now being 
centred on a much less costly machine, namely the 401 
Mark 1. This computor* was exhibited for the first time 
at the Physical Society Exhibition in 1953 and after 
completion of its trials at the Mathematical Laboratory 
of Cambridge University, it was transferred to the 
Rothamsted Experimental Station where it is now in 
regular use for calculations relating to agricultural 
statistics. . 

The Corporation has in addition approved the design 
of a further type of computor to be known as the FCP1. 
This “packaged” computor, brief details of which are 
given elsewhere in this issue, embodies many of the 
successful features of the prototype 401 together with 
improvements concerned as a result of programming 
experience. 





* Electronic Engineering, 25, 201 and 213 (1953). 
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Some Aspects of V.H.F. Sound Broadcasting 
and F.M. Broadcast Stations 


(With Reference to the Performance of the BBC’s Wrotham V.H.F. Station) 
(Part 1) 


By P. A. T. Bevan*, M.I.E.E., Sen.M.I.R.E. 


In this article the relative merits of a.m., a.m.l, and f.m. for a v.h.f. broadcasting service in this 
country are considered and the results of field tests are given, from which it is concluded that f.m. 


is the best choice. 


The Wrotham high power experiment is described in detail. 


The design of 


f.m. transmitters is considered with special reference to f.m. modulators and monitoring. V.H.F. 
aerial and transmission line systems and the parallel operation of f.m. transmitters are dealt with. 
Finally the unattended operation of transmitters is discussed. ° 


HE -use of very high frequency broadcasting for aug- 

menting the number of channels available for sound 
broadcasting in Europe has been contemplated for many 
years. Even before World War 2 the number of medium 
frequency channels available to the BBC for the United 
Kingdom was proving insufficient for the national distri- 
bution of its programme services and is now quite 
inadequate for the distribution of the present Home, 
Light and Third Programmes. Interference from the 
greatly increased number of stations in Europe using the 
same or an adjacent channel, particularly at night, fading 
and the need to use synchronized common-frequency 
working have significantly restricted the useful . service 
areas of the BBC’s m.f. stations; serious interference is 
frequently experienced up to the 15mV contours of some 
BBC channels during conditions of night-time propagation. 
Attempts to improve matters by re-allocating operating 
frequencies and adjusting effective radiated powers on an 
international basis have not met with much success, and 
it seems that the situation must deteriorate and national 
coverage be further impaired. For this reason the BBC 
deemed it essential to make extensive field trials at v.h.f. 
and so be in a position to make definite proposals for the 
provision in this country of a sound broadcasting service 
using the v.h.f. band of 87°5 to 100Mc/s (Band 2) allo- 
cated for the European Region. 

The planning of a v.h.f. service involves a knowledge 
of the mode of propagation of the frequencies concerned?! 
which differs appreciably from that at m.f. where earth 
conductivity and the reflecting properties of the ionosphere 
have a major influence on the service area of a station and 
on the ability of stations mutually to interfere with one 
another*. At v.h.f. some of the limitations imposed by 
these factors are avoided, the primary factors affecting 
service area being the influence on field strength, under 
conditions of standard propagation’* of the contours of 
the terrain between the transmitter and receiver (which 
produce field strength “shadows” lower than the average 
field for the neighbourhood) and the local effects produced 
by screening, absorption and reflexion of the signal by 
buildings and similar objects. 

There are also second order effects produced by non- 
standard tropospheric reflexion! and changes in meteoro- 
logical conditions which may’ cause wide temporary 





* Late BBC Engineering Division, now Chief Engineer, Ee SS 
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fluctuations in field strength and, finally, the annoying 
“flutter” produced by aircraft local to the receivers‘, 
These factors cannot be discussed here, but in practice the 
proper siting of the transmitting stations’ can do much to 
mitigate some of these influences. A v.h.f. service, while 
not the panacea of all ills, can, nevertheless, alleviate 
many of the difficulties arising from the present over- 
crowded situation including the necessity for deliberately 
restricting the bandwidth receivers to minimize adjacent 
channel interference. Such a service also has the important 
general advantage of greater freedom from interference 
by electrical disturbances, although the regular impulsive 
type of interference produced by motor-car ignition 
systems can be objectionable when the signal is weak, 
and must be combated. It follows that listeners can expect 
improved programme quality with low background noise, 
as the viewers of the BBC’s v.h.f. Television Service in 
Band 1 are already aware. 

In this country the television service uses conventional 
amplitude modulation for the sound transmission, and 
while this is the only practicable system for m.f. broad- 
casting a choice of systems is possible for v.h.f. broadcast- 
ing when the bandwidth of each channel need not be so 
restricted. It is, however, of first importance to keep the 
cost of receivers low and on this score the systems of 
modulation which merit consideration are a.m. (amplitude 
modulation), a.m.l. (amplitude modulation with a noise 
limiter incorporated in a wideband receiver) and f.m. 
(frequency modulation). The various forms of a pulse 
modulation used for multiple-channel communication 
systems are not considered to offer sufficient advantage 
for a broadcast service. With each of the above-mentioned 
systems the inherent quality of programme reproduction 
can be sufficiently high, being limited mainly by the 
response of the audio frequency stages of the receiver 
and the loudspeaker which are common factors. The most 
realistic basis of system comparison is the relative extent 
to which they suppress noise and interference at the 
receiver, viz. impulsive noise of the type produced by 
motor-car ignition systems, receiver hiss, atmospherics and 
the adjacent channel and common channel interference 
produced by other transmitting stations. 

Using a.m. as a basis, it is necessary to specify for 
f.m. the frequency deviation and the pre-emphasis time- 
constant to be used, because the overall performance of 
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the f.m. system is very dependent on these factors. 
For a.m.l. the performance is dependent on the radio 
frequency bandwidth of the receiver, which for com- 
parison purposes should be the same as for the f.m. 
receiver. Pre-emphasis at the transmitter with de-emphasis 
at the receiver could be used with a.m. and a.m.l|., but it is 
of real advantage only in f.m. because of the “ triangular ” 
noise spectrum of this system. Even so, its use in f.m. 
requires a reduction in the average level of modulation to 
avoid over-modulation at the higher frequencies, so that 
in practice the advantage of pre-emphasis in improving 
the signal-to-noise ratio is not so great as might at first 
be expected. 

First-hand information about the relative overall per- 
formance of a.m., a.m.l. and f.m. at v.h.f. and on the 
most appropriate transmission constants was obtained 
from the field trials made by the BBC during 1945°. These 
were carried out with low-power transmissions (about 
IkW e.r.p.) on both a.m. and f.m. at frequencies in 
Bands 1 and 2 and were mainly devoted to propagation 
tests (field strength versus distance, for both horizontal 
and vertical polarization) and comparative assessments of 
fm. versus a.m. and a.m.l., particularly in regard to 
signal-to-noise ratio. The optimum transmission charac- 
teristics for f.m. were thought to be 75kc/s deviation and 
50Ousec pre-emphasis, and with regard to noise it was 
confirmed beyond doubt that, compared with a.m., f.m. 
gives a considerable reduction of both impulsive noise 
and receiver hiss. On the same basis a.m.l. gives a reduc- 
tion in impulsive noise, but not to the same degree as 
fm., and no improvement in hiss. The following short 
notes are considered relevant. 


IMPULSIVE NOISE 

It is difficult to be precise about the relative abilities of 
the various systems to combat impulsive interference. 
To achieve the optimum suppression with f.m. careful 
selection of the time-constants of the receiver circuits 
which precede the discriminator is necessary. Again, the 
degree to which impulsive noise is suppressed in f.m. 
depends upon the ratio of peak interference to peak 
carrier. Measurements using repetitive uniform impulses 
as the source of noise show that, provided the peak inter- 
ference to peak carrier ratio is less than unity, f.m. gives 
an improvement of about 25dB over a.m. in relative audio 
signal-to-noise ratio. At ratios greater than unity corre- 
sponding to signal levels below the so-called “ improve- 
ment threshold” the improvement falls away to a 
minimum value of about 12dB, but thereafter progressively 
rises again as the ratio of peak impulse to peak carrier 
increases. 

The comparative performance of a.m.l. lies between’ 
those of f.m. and a.m. and tends to approximate to that 
of f.m. for a limited range of peak impulse to peak carrier 
ratios below unity. Fig. 1 is an experimental result which 
is also considered to be in agreement with subjective 
assessments of annoyance produced by regular impulsive 
interference. When actual motor-cars are used as the 
source of interference the curves are smoothed out but 
the general trend is the same, and f.m. still shows marked 
improvement over both a.m. and a.m.1. 


RECEIVER Hiss 

Because of the considerably lower field strengths at 
which receivers can operate, due to the improved sup- 
pression of external interference, receiver hiss becomes a 
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matter of some significance. It can, in practice, be one of 
the factors which limit the range of a v.h.f. service, and 
the comparative performance of modulation systems on 
this score is important. With an f.m. system, using 75kc/s 
deviation and SOysec pre-emphasis, the level of receiver 
hiss is theoretically 26dB lower than with a.m. or a.m.l. 
provided the input signal level is sufficiently high to 
operate the limiter. This improvement can be realized in 
practice by the use of a well-designed receiver. 
Expressing this result in terms of the signal field strength 
required to give a service in which the background hiss 
is classed as “just perceptible,” it has been concluded 
that a satisfactory service can be obtained with f.m. at a 
field strength as low as 50.V/m, whereas the correspond- 
ing figure for a.m. or a.m.l. is at least 900uV/m. These 
figures depend to some degree on the operating frequency 
and in this case apply to Band 2. It may be argued that 
the advantage of f.m. in suppressing receiver hiss cannot 
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and a.m.l, receivers 


usefully be exploited in practice because in combating 
motor-car interference the ambient signal strength would 
need to be appreciably greater than 50uV/m. This is to 
some extent true, and the BBC proposal, for example, is to 
provide an average (median) field strength of 250uV/m at 
30ft above ground level for second-class service. Neverthe- 
less, considerable point-to-point variations in this field 
strength can occur, while listeners will undoubtedly attempt 
to receive the service with indoor aerials, for which the 
field will be considerably reduced. If a relatively wide 
audio frequency bandwidth, say 12kc/s, is used, the level of 
receiver hiss is increased and critical listeners become aware 
of receiver hiss if the signal-to-noise ratio is less than 
about 60dB. 


HORIZONTAL VERSUS VERTICAL POLARIZATION 

There appears to be little difference between horizontal 
and vertical polarization as regards field strength itself, 
but the degree of interference produced by motor-cars. 
appears to be significantly less with horizontal polariza- 
tion. This is not fully understood and may be dependent, 
to some degree, on the relative directional properties of 
the receiving aerials. Comparative tests on Band 2 made 
in relatively open country show that, in general, horizontal 
polarization gives, roughly, an 8dB improvement in free- 
dom from motor-car interference, but this does not apply 
under the confused conditions which can exist in closely 
built-up areas. The effects of signals reflected from aircraft 
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flying in close proximity to the transmitter or receiver are 
more pronounced with horizontal polarization‘, but this 
is not considered to be of sufficient general importance to 
influence the decision to use horizontal polarization even 
if suppressors were universally fitted to all motor vehicles. 
CO-CHANNEL OPERATION 

With the Band 2 frequencies available for the United 
Kingdom, common-channel working will undoubtedly be 
necessary if only because certain stations will have to 
share channels with stations in Western Europe. The 
probability of interference between common-frequency 
v.h.f. stations, mainly due to non-standard refraction in 
the troposphere occasionally favouring long-distance trans- 
mission, has been investigated by the BBC, the Post Office 
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Fig. 2. Curves relating to geographical spacing of v.h.f. broadcasting 
stations 
Estimated tropospheric field strength exceeded for 1 per cent and 10 per 





cent of the time. 
Frequency range 30 to 200Mc/s 1kW radiated from a half wavelength 
dipole, vertical and horizontal polarization. 

Receiving aerial height 10m above ground level, median values with respect 

to terrain. 
and D.S.I.R. over a period of several years. This data has 
been analysed and applied to the determination of the 
geographical spacing required between common-frequency 
v.h.f. transmitters’. It is found that if the wanted signal 
must be, say, 30dB greater than the interfering signal for 
90 per cent cf the time, the spacings required are several 
hundred kilometres greater than those normally necessary 
under standard conditions. The curves of Fig. 2 are 
relevant, and. were prepared from the above data supple- 
mented by data from the U.S.A. 

An engineering point here is that while very close 
synchronism to avoid interference can be maintained 
between two or more medium frequency stations operating 
on the same channel, this is not so easily achieved with 
v.h.f. stations. The co-channel interference may thus be 
heard as a beat note. A practical way of minimizing this 
interference is to make the frequency spacing between 
the centre frequencies of the stations greater than about 
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12 to 15kc/s so that the beat note is outside the audio 
frequency range. Interference is then heard only when 
one or both transmitters are modulated, and takes th 
form of a rasping noise, the level of which, contrary to 
a.m., does not depend much on whether the same or 
different programmes are being transmitted. With 15kc/s 
separation, the permitted strength of the interfering signal 
may be about 6dB higher than with a closer spacing, and 
a ratio of 24dB for the wanted to interfering signal is 
sufficient for no perceptible interference. 

With a.m. this ratio needs to be about 46dB for no per- 
ceptible interference when the two signals are modulated 
with different programmes. For the special case of common 
programme synchronized co-channel operation, a.m. is 
better than f.m., a ratio of 15dB being sufficient. 

At first sight this practice may appear to contradict 
f.m. theory, which indicates that the degree of phase 
modulation, and hence the equivalent f.m. deviation 
produced at the discriminator of the receiver, increases 
as the frequency difference between the interfering signals 
is increased. The point is, however, that although the level 
of the a.m. output of the discriminator is correspondingly 
increased its frequency is outside the a.f. response of the 
receiver, or outside the audible range, so that the inter- 
ference is not heard. The use of pre-emphasis also leads 
to an improvement in this connexion because the corre- 
sponding de-emphasis in the receiver reduces its response 
to high interfering beat frequencies, 


ADJACENT-CHANNEL INTERFERENCE 

The channel spacing in Band 2 which has been proposed 
for stations in this country is 200kc/s for f.m. The degree 
of interference from a station operating on an adjacent 
channel depends on the details of the receiver design, and 
on the actual strength of the wanted signal. With a good 
commercial receiver and wanted signal of 1mV/m, if the 
adjacent-channel signal is between 10 to 20dB less no 
interference is audible. With signals of about 100.V/m, 
the adjacent-channel signal need be only 0 to 10dB below 
the wanted signal. Thus there is little difficulty, and the 
geographical positioning of stations can easily be chosen 
so that adjacent-channel interference is substantially 
avoided. 


F.M. RECEIVERS 

A number of types of British, American and continental 
commercial receivers have been used for listening to the 
Wrotham transmissions on f.m. Considerable differences 
in their performance have been observed, particularly for 
the all-important suppression of impulsive interference and 
receiver noise. If full advantage is to be taken of f.m., 
careful, but not necessarily costly, receiver design is neces- 
sary, particularly for second-class service areas. A good 
f.m. broadcast receiver should have: 

(a) A limiter which can be set to operate efficiently at 
the minimum field strength for which the receiver 
is designed. 

An oscillator in which frequency drift is reduced 

to a reasonable minimum either by stabilizing 

crystal or some form of automatic frequency con- 
trol. (In America, f.m. suffered some unpopularity 
due to receiver oscillator drift.) 

(c) Some form of tuning indicator or even automatic 
tuning device is preferable. (The correct tune point 
is not easily identifiable as there is no point of 
maximum signal to which to tune.) 


(b) 
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For the conditions which will apply in the United 
Kingdom, the author suggests that the overall response of 
the h.f. and i.f. stages which precede the limiter should be 
not more than about 6dB down at +85kc/s and about 20dB 
down at +120kc/s. It is good practice to design all the 
interstage couplings, including those to the limiter and the 
discriminator, so that they are reasonably linear networks 
with respect to amplitude and phase each in their own right. 

Such provisions perhaps tend to make f.m.-. receivers 
slightly more expensive than their a.m. counterparts, but 
nevertheless quantity production of crystals of adequate 
stability is practicable and manual tuning of a receiver 
does not present much difficulty. Incorrect tuning produces 
a degradation in quality little worse than that encountered 
on conventional m.f. receivers, but the performance of 
the f.m. receiver on noise suppression is also somewhat 
degraded. It can be expected that future developments will 
improve performance and reduce cost, but nevertheless it 
is to be hoped that f.m. receiver design will follow good 
technical practice and not omit a few circuit elements 
whose adjustment is not difficult in order to save a few 
shillings at the expense of the basic advantage of f.m., 
namely, improved quality with less interference. 


The Wrotham High-power Experiment 

The data obtained from the low-power trials indicated 
that full-scale tests using high-power transmissions 
provided by properly engineered service equipment would 
be justified, and at a site some 20 miles south-east of 
London the BBC constructed the Wrotham experimental 
v.h.f. station. Two transmitters were originally installed, 
a 25kW f.m. transmitter operating on a centre frequency 
of 91-4Mc/s, and a class-B modulated a.m. transmitter, 
using the same transmitting valve complement, giving an 
output power of about 18kW on a carrier frequency of 
93'8Mc/s. Both transmissions were radiated simultaneously 
from a common aerial system having a gain of about 8dB 
and providing horizontally polarized radiation. The centre 
of the aerial system is some 1100ft above sea level and 
the maximum e.r.p. was approximately 150kW on_f.m. 
and 110kW on a.m. Recently the a.m. transmitter has 
been converted to f.m., and a third 20kW f.m. trans- 
mitter, consisting of two 10kW units operated in parallel, 
is now being installed in readiness for the regular three- 
programme service which is scheduled to start from this 
station in May of this year. Fig. 3 shows the transmitter 
hall and the two original transmitters. 

A second field strength survey on about 90Mc/s using 
both horizontal and vertical polarization was made from 
the Wrotham site using low power. This survey*® provided 
the data for predicting the service area of the final station, 
gave additional information about the variations in field 
Strength in built-up areas and over average ground con- 
tours, and assisted in formulating a method of estimating 
Site-height and transmitting-aerial height-gain for v.h.f. 
transmitters*. | Measurements in flat built-up districts 
showed that buildings of normal height for London reduce 
the average field, at a receiving-aerial height of 20ft, by 
about 10 to 12dB and that an average for one street will 
be the average for the district to an accuracy of about 
+4dB. The variation along the street is less with horizontal 
than with vertical polarization. In hilly country the mini- 
mum field strength occurs on the near-side slope of a 
valley and not at the lowest point, and is frequently 30dB 
less than on flat ground on either side of the valley. 
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The minimum value is slightly lower for horizontal 
polarization than with vertical polarization. Measurements 
along a number of radials, each between 40 to 70 miles 
long, were used to prepare a predicted field strength 
contour map for the station and showed that with an 
operating power of about 125kW e.r.p., using f.m. or 
a.m.l. and either horizontal or vertical polarization, the 
station would give a satisfactory service to Greater 
London and most of South-east England. The predicted 
average field strength for almost the whole of London 
was 2mV/m or more, the greater part of Kent and Sussex 
also had a first-class service field, while for the coastal 
towns a field of between 250 to 100,V/m was predicted. 

Experimental transmissions from Wrotham began early 
in 1950, and a comparison of the field strength of the 
station itself with that predicted showed that, while the 
results compared favourably, a slight change in site position 
can upset predictions if the ground section close to the 
transmitting aerial is different. The low-power tests used 





Fig. 3. Transmitter hall at Wrotham 

a site approximately half a mile east of the final aerial, 
and the observed differences in certain directions between 
the predicted and final measured values suggest that site 
tests on v.h.f. should be made on the exact site of the final 
transmitter if discrepancies of up to 10dB are to be 
avoided. The field strength map for the station operating 
at 125kW e.r.p. is reproduced in Fig. 4. It shows the 
average field strength and does not include the 10 to 12dB 
drops encountered in built-up areas. 

, Regular programme transmissions on both f.m. and 
a.m. began in July 1950 and a listening survey® was started. 
Listeners living within the projected service area were pro- 
vided with receivers capable of receiving a.m. or f.m. and 
considered typical of a good commercial receiver of either 
type. Listening tests with a mobile laboratory were made 
in areas covered by the 100,V/m contour. For this survey 
two types of service area were defined as follows, and it 
was assumed that the listener’s receiving aerial is within 
30 to 60ft from a busy road on which traffic may be 
continuous: 


(a) First-class service area: Impulsive interference for 
50 per cent of motor-cars is imperceptible; of the 
remainder, occasional cars may produce _inter- 
ferences classed as “ slightly disturbing.” 
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Fig. 4. Measured field strength contours of Wrotham v.h.f. transmitting station 


Frequency 93:-8Mc/s. 
Effective radiated power 125kW. 
Height of centre of aerial above sea level 1 100ft. approx. 


(b) Second-class service area: The average level of 
interference from at least 50 per cent of motor-cars 
is never graded as worse than “ perceptible.” 
Occasional cars give rise to interference considered 
as “ disturbing.” 

The results of the listening tests may briefly be sum- 

marized as follows: 

1. Within 30 miles of the transmitter there was no 
general preference for either system of modulation; 
reception was excellent with a.m., a.m.l. and f.m. Any 
preference was for f.m. because of the absence of receiver 
hiss. Listeners were impressed by the simple aerial systems 
which gave satisfactory reception with f.m. and a large 
proportion of listeners could use an indoor aerial for 
f.m., which was not practicable on a.m. 
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Mast height 500ft. 
Receiving aerial height 30 ft. 
All contour numerals signify field strength in millivolts per metre. 


2. Beyond 30 miles a majority of listeners expressed 
a distinct preference for f.m. Many listeners did not 
notice any marked difference between a.m.l. and a.m., but 
an improvement in favour of a.m.l. was admitted in areas 
subject to heavy impulsive interference. Occasional fading 
was noticed on a.m. and f.m. transmissions at distances in 
excess of 40 miles, and this was taken into account in 
assessing the service areas. 

Table 1 shows the approximate average field strengths for 
the lower limit of the two types of service area defined and 
the corresponding approximate ranges from the trans- 
mitter. The coverage given by f.m. is seen to be greatly 
superior to that provided by a.m.l. or a.m. A general 
conclusion is that the use of f.m. can ensure a first-class 
urban service within the area bounded by the 1mV/m 
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TABLE 1, 
FIRST-CLASS SERVICE SECOND-CLASS SERVICE 
AREA AREA 
SYSTEM FIELD- APPROX. FIELD- APPROX. 
STRENGTH RANGE STRENGTH RANGE 

(MV/M) (MILES) (MV/M) (MILES) 
f.m. 1 45 0°25 60 
a.m.l. 3 35 1 50 
a.m. 10 25 3 BP, 























contour and second-class service up to the limit of the 
250u.V/m contour. In areas remote from busy roads a 
first-class rural service could be given with 150.V/m, and 
a second-class service with 75yV/in. . 


It has been concluded that if a.m. were chosen the 
number of broadcasting stations required in the United 
Kingdom to give an equivalent service would be about 
three times as great as for f.m.°. 


The extra capital expenditure involved on sites, build- 
ings and equipment if a.m. were used would be very 
heavy, particularly when it is remembered that the 
scheme envisaged by the BBC involves the distribution of 
three programmes (Home, Light and Third), so that each 
station needs three pairs of transmitters. The running costs 
due to staff, maintenance, electric power and the rental 
of high-grade programme lines would also be seriously 
increased. The result would be that in practice a com- 
promise scheme giving less effective coverage would have 
to be accepted. From the point of view of a broadcasting 
authority, therefore, the technical and economic advantages 
of f.m. would appear to be quite clear. 


V.H.F. Transmitters 


For v.h.f. broadcasting the mode of wave transmission 
is virtually line-of-sight propagation from a radiator in 
free spac2, whereas for m.f. broadcasting ground-wave 
propagation from a radiator “on the ground” is used. 
The factors which determine the required e.r.p. of a 
broadcast station, to serve a given area, thus differ con- 
siderably for the two cases. Propagation at v.h.f. has been 
studied theoretically and experimentally, and the know- 
ledge acquired is gradually being related to practical 
engineering. Even so, preliminary forecasts based on such 
data and on a survey of population densities and ground 
contours should finally be supplemented by actual field 
strength measurements around experimental transmitters 
set up on appropriate sites within the areas it is desired 
to serve. Only in this way can a sufficiently accurate 
estimate be made of the required e.r.p. for a particular 
station. Assuming f.m., the estimated e.r.p.’s of the 20 
or so stations required by the v.h.f. service planned by 
the BBC range from about 10 to 120kW. 


Transmitting aerials for m.f. broadcasting are physically 
restricted to single quarter-wave or half-wave radiators. At 
v.h.f., however, large aperture aerials consisting of many 
stacks of half-wave radiators are possible. Such aerials 
confine the greater part of their radiation to directions near 
the horizontal, and practical aerials for Band 2 may have 
Overall net power gains of about 6 to 8 times that of an 
equivalent single half-wave dipole. The Wrotham Band 2 
aerial, for example, has a gain of about 6. The production 
of a given e.r.p. (the product of the transmitter power 
and aerial gain) thus becomes an engineering and economic 
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compromise between transmitter power and aerial con- 
struction. This can be a difficult choice to make, but the 
tendency, particularly in America, is to use the maximum 
convenient aerial system gain. Taking this as about 6 for 
Band 2 aerials, the powers of the transmitters themselves will 
range between about 2 to 20kW, appropriate intermediate 
values being 5 and 10kW. The transmitters for a v.h-f. 
service are thus in a lower power range, and hence are 
smaller and cheaper, than their m.f. equivalents. 


Further practical simplification of the transmitters 
occurs if the system of modulation is fm. The frequency 
modulated signal is of constant amplitude and is generated 
at a low power level. Thus, power amplification of the 
signal up to the final required value can be carried - out 
in the transmitter with straightforward high-efficiency 
class-C r.f. amplifiers in cascade’, and the relatively large 
audio frequency modulation amplifier required with con- 
ventional class-B modulated a.m. transmitters is disposed 
of. Each power amplifier can be arranged to work at its 
optimum continuous rating, while the final power amplifier 
carries only a quarter of the peak power of its high-level 
modulated a.m. equivalent. The amplitude-linearity charac- 
teristic of the amplifier stages is of no serious consequence, 
but the circuits must. have an appropriate bandwidth 
(about 250kc/s) and a linear phase-frequency characteristic 
to minimize distortion. 


The Wrotham f.m. transmitter was constructed at a 
time when the range of v.h.f. transmitting valves was very 
limited. Tetrodes give a high stage gain and are very 
suitable for the duty, but they were available in ratings 
suitable for the low-power amplifier stages only. Triodes 
of relatively low slope, in coaxial earthed-grid circuits, 
had to be used for the high-power amplifiers, and this 
resulted in a rather large number of stages because of the 
low stage gain (about 3°1) of this type of circuit when 
used with the triodes concerned. For future f.m. trans- 
mitters this could be avoided, because the present range 
of v.h.f. tetrodes and high-slope triodes has now been 
extended to include reliable valves having anode dissipa- 
tions of 15kW or more for Band 2. An American v.h.f. 
tetrode of 10kW rating, now also being made in this 
country, is capable of giving a stage power gain of about 
20 for frequencies up to 220Mc/s, while a new 10kW 
high-slope triode of continental origin is giving a power 
gain of about 10 at this frequency. Recent American 
developments in “ inside-out” valves are enabling output 
powers of about 10kW at frequencies up to 900Mc/s to 
be obtained from a single valve with reasonable gain. 
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The 
Automatic 
Recording of 
Animal 
Behaviour 

in the 

Field 


By R. J. Canaway*, 
W. F. Raymond* 
and J. C. Tayler* 





This article describes a simple apparatus for the continuous non-subjective recording of animal 


movement under field conditions. 


The necessary switches are connected by cables to the self- 


contained recording unit which is carried on harness worn by the animal. Movement is unrestricted, 
and the animal can wear the equipment over long periods without discomfort. 


WITH increasing world emphasis on the improvement 
of output from pastureland, a knowledge of the 
behaviour of grazing animals in relation to their produc- 
tivity becomes of importance. In America, Johnstone- 
Wallace carried out early behaviour work with grazing 
beef cattle’, and similar studies have been made in New 
Zealand’, the United Kingdom, etc. Hughes and Reid* 
have recorded grazing and ruminating times of cattle and 
sheep at intervals through the season, and Tayler‘ has 
studied the effect of different systems of management on 
the behaviour and live-weight of bullocks. Based ‘on 
studies of this type, Castle et al.5 have suggested improve- 
ments in the grazing management of dairy cattle. 


All these workers have recorded behaviour in the field 
by visual observations over periods of only a few days. 
The records taken, however, are seldom continuous, are 
subjective, tend to vary between different observers, and 
are difficult to take on numbers of animals at a time, on 
unrestricted grazing, or at night (to aid night observation, 
Castle et al.5 have used infra-red equipment). While 
recording of behaviour by mechanical means has been 
carried out on animals in stalls, where careful adjustment 
of the equipment is possible, no equipment suitable for 
recording animal behaviour under the more rigorous 
conditions found in the field has been described. 


In discussion with Dr. J. E. Lovelock of the National 
Institute for Medical Research in 1947, it was agreed that 
a method of automatically recording behaviour in the field 
should be possible. Preliminary tests were made by trans- 
mission of radio signals from a bullock, but it was evident 
that restriction of frequency allocations would limit the 





* The Grassland Research Institute, Hurley, Berkshire. 
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use of such equipment, and it was decided to work on 
portable recording equipment carried by the animals. The 
radio link, however, proved valuable in testing switches. 

The equipment described here has been designed for 
use only on cattle: it will be obvious that many improve- 
ments are possible, but an attempt has been made to 
establish some of the basic requirements of such equip- 
ment. 


Experimental 


The recording box and switches are mounted on a 
leather harness worn by the animal. This has been 
developed from that described by Balch et al.®, and can 
be worn for a period of several weeks without discomfort. 

The most important agricultural information required 
includes the time spent by an animal in walking, standing, 
lying down, grazing and chewing the cud, together with 
the total number of leg and jaw movements. It was 
decided that this could be obtained by the use of switches 
operated by the following movements: 


(a) Walking: a circuit actuated each time the animal 
takes a complete pace—this to operate on one leg 
only. 


(b) Lying-standing: a switch operated by pressure of 
the body when the animal lies down. 


(c) Jaw switch: an electric impulse to be set up by each 
jaw movement of the animal. 


(d) Head up-head down switch: this switch to operate 
different circuits when the animal’s head is up or 
down. A jaw movement (c) when the head is down 
to be recorded as a grazing movement, and with 
the head up as a cudding movement. 
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These four switches to be connected to a recording 
box carried by the animal, from which a record of the 
previous 24 hours’ activity can be taken each day. The 
photograph on page 102 shows a bullock carrying the 
equipment at present in use. 


Switches 
(a) WALKING SwITCH 

Various types of switches were tested, operated by 
pendulum (cf. pedometers), levers, mercury switches with 
internal oil-damping, etc. These were all liable to produce 
double-counting due to the uneven pace of a bullock when 
walking, and were frequently actuated by slight leg move- 
ments when the animal was not walking. These difficulties 





—k 














4, Electromagnetic 
i Counter 
3V- 
Fig. 1. Walking switch 





Construction of the walking switch 


Fig. 2. 


were overcome by the use of a single-pole changeover 
mercury switch, connected* to two relays (Fig. 1). Tilting ' 
of the switch by a leg movement operates relay A, and 
capacitor C is charged via contacts A,. Relay A is now 
held in the on position by its hold winding. On completion 
of the leg movement, relay B is energized, so opening 
contacts B, and cutting off current supply to the hold 
winding on relay A. Relay A de-energizes, and capacitor C 
discharges through the counter. Thus a count is only made 
when a complete leg cycle occurs. The switch is mounted 
inside the lid of a box strapped just below one knee of 
the bullock (see photograph). The lid is mounted so that 
the mercury switch can be adjusted and locked in the 
position giving the most precise response to leg move- 





* An elastic telephone flex is used so as to avoid any slackness in this 
wiring. 
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ments. In tests, this switch has given “ walking” counts 
agreeing within 1 to 2 per cent with those obtained by 
visual recording. The construction of the switch is shown 
in Fig. 2. 


(b) LyrzNG-STANDING SwITCH 

A switch operated by pressure of the animal’s body 
appears most suitable. Various shapes of rubber pressure 
bags fitted in a belly strap have been tested: these were 
connected to a pneumatic switch operating when the 
pressure in a bag was increased by the animal lying on it. 
To allow for various lying positions, either a long bag 
(similar to a bicycle inner tube) or several smaller bags 
were necessary, and the system was found to be very 
sensitive to slight air-leaks. A more positive type of switch 
has been developed: in this the animal when lying down 
presses a spring-loaded plate mounted in a rubber cushion 
in the belly-band. This operates through a cam on to a 
micro-switch (Fig. 3). Two of these switch mechanisms 
are spaced along the band, and are wired so that pressure 
applied to one or both of them produces the same circui¢ 
changeover (Fig. 4). When the animal lies down the 


‘RETURN’ SPRING ACTUATING 














a wmacRoswiTctt. “CAM 


Fig. 3 (above). Standing-Lying 
down switch 

The actuating plate forms 
a ‘“‘lid’’ over the switch and 
protects it from damage due 
to the weight of the animal. 


Fig. 4 (right). Standing-Lying 
down switching arrangement 


Switches shown in the un- 
operated position. 








switch is on: at the same time the walking (a) and 
head up-head down (d) switches are disconnected. These 
are not required when the animal is lying down, and this 
allows battery economy. 


(c) Jaw MOVEMENTS 

This proved to be the most difficult movement to record 
precisely, because the forms of movement in grazing and 
cudding differ. Johnstone-Wallace! has used a pneumatic 
switch for recording jaw movements under indoor con- 
ditions. Various mechanical switches have been tested, but 
their differentials are most sensitive to slight changes in 
the position of the head-band in which they are mounted, 
which is far more difficult to keep adjusted on animals in 
the field than in the stall. Preliminary tests have shown a 
marked sound waveform related to jaw movements, which 
can be detected by a microphone held against the hard 
bone of the head. It may be possible to amplify this sound 
sufficiently to operate recording equipment, but problems 
of positive mounting of a microphone and suitable ampli- 
fying circuits have not yet been solved. 


(d) HEAD up-HEAD DOWN 

This is a simple on-off switch operated by a cam 
mechanism from a loop arm resting on the neck of the 
animal: the arm is designed to operate even when the 
animal’s head is turned sideways. The cam can be 
adjusted relative to the switch so that the latter is on 
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Fig. 5. Head up-Head down switch 


Spring clip C is accessible from the outside of the switch assembly and 
by pressing its arms together between finger and thumb, the two toothed 
wheels disengage. The arm A may then be quickly and easily reset relative 
to the operating point on the cam. Releasing the spring clip allows the 
toothed wheels to re-mesh and so lock the arm and cam in the correct 
position. 


only when the animal’s head is low enough for it to graze 
(Fig. 5). 


Method of Recordmg 

Two types of record are required, namely, the distri- 
bution of various activities within the day, together with 
their intensity and duration, and also the total number of 
certain movements. For the latter a simple electro- 
magnetically operated counter seems satisfactory, but 
various methods of recording “activity” are possible. It 
was decided this could best be made on a strip of moving 
paper taken up on a constant-speed drum: recording on 
this paper could either be photographic, by a stylo on 
kymograph or waxed paper, by ink on paper, or electrically 
on Teledeltos paper. After various tests the latter method 
was adopted. A 48in length of paper per 24 hours gives a 
reasonable discrimination of activities, and is short enough 
to allow daily “ writing up” of the observations. 


Fig. 6. Pen mechanism general arrangements 
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The paper recorder contains a 3in take-up drum, 
operated by a clock mechanism, which draws a tin wide 
strip of Teledeltos paper across an earthed metal roller, 
with two pens resting on the upper surface of the paper, 
The paper is taken from a spool which is replenished at 
intervals. 

After initial tests it was found the clearest and most 
reliable record would be obtained by having a continuous 
trace (i.e. h.t. applied continuously to the pens), move- 
ments of the animal being indicated by lateral movements 
of the pens across the paper. This has been done by con- 





Fig. 7. Layout of the pen and relay unit 
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Fig. 8. General circuit diagram 


trolling the positions of the pens by solenoids, which are 
operated, in some cases via relays, from the various body 
switches (Fig. 6). (The use of I|.t. relays is desirable, to 
avoid h.t. outside the recording box.) The pens take an 
average current of 3 to 5mA at 90V, and the solenoids 
operate on S50mA at 3V. Current passes continuously 
between each pen and the earthed metal roller, through 
the Teledeltos paper, producing a blackening of the paper. 
As the paper moves, two black lines are produced on it: 
lateral movement of the pens, actuated by various body 
movements, make “ blips” on these lines. 

The two pens, paper mechanism, relays, etc., are 
enclosed in a rigid metal box, approximately 6in x 6in 
x 4in. The layout (Fig. 7) is designed to allow easy 
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removal of the paper record and replacing of batteries. 
The present boxes weigh 5lb, but a reduction in weight 
is planned in further development. Connectors join the 
flexes {rom the various body switches to the recorder box, 
and these can readily be broken so as to allow the box 
to be removed. The box is mounted on a saddle on the 
bullock’s back. 

The fuli circuit for the body switches and recorder is 
shown in Fig. 8. 

When the animal is standing, pen A produces a hori- 
zontal trace on the paper. Each complete leg movement 
momentarily energizes solenoid §,, causing the pen to 
move vertically across the paper. When the animal is lying 
down, a second solenoid §, pulls the pen in the opposite 
direction from S,. Thus the trace from pen A is inter- 
preted as in Fig. 9. 

Because of the slow movement of the paper, the total 
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Fig. 9. Record produced by pen A 
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Fig. 10. Record produced by pen B 
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Fig. 11. Record produced by pens A and B together 


number of leg movements cannot be counted from the 
trace, and is found from the counter P. This gives the 
total leg movements per 24 hours: the distribution of this 
activity during the day is found from the duration and 
degree of darkening on the trace (e.g. distinction between 
walking and idling in Fig. 9). 

Pen B is controlled by the head up-head down switch, 
through solenoid §,, and produces a trace (Fig. 10). 

When the development of switch (c) is completed, jaw 
mevements will be superimposed on this trace. However, 
much information on the activity of grazing is obtained 
by study of the two traces from pens A and B, which 
are produced side by side on the paper (Fig. 11). 


Thus, walking with head down is taken as grazing (x),' 


walking with head up as idling (y), while standing still, 
even though the head is down (z), is unlikely to be grazing. 

The rate of movement of the paper strip increases 
slightly during the 24 hours, due to its being taken up on 
a drum revo!ving at constant speed. Interpretation of the 
data is facilitated by holding the strip from each day 
alongside a 48in rule calibrated directly in hours, so as 
to allow for non-linear movement of the paper. 

While the present equipment has been used successfully 
in several experiments, further development and improve- 
ment are desirable. Thus a single 90V layer-type battery 
will only supply power to one recorder for’48 hours (the 
2 x 14V Lt. batteries will operate for a week), and 
methods of battery economy are being studied, together 
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with the possibility of reducing the size and weight of the 
recording box. The main development outstanding is the 
design of suitable jaw recording equipment, but it is 
evident that useful data on grazing can be obtained without 
this. 


Method of Use 


The bullocks on which the equipment is to be used 
must be accustomed to wearing the harness, first with a 
dummy recording box on the back, and then to the 
switches on the body. This may take a week or longer, 
but the bullocks we have used have all lost their initial 
restiveness in the harness, though they never seem to lose 
a liking for chewing leather, flexes, etc. However, with 
experience, damage of this sort can be minimized. 

Rubbing by the animal against gates and fences can be 
more serious, and at least in the early stages of this work 
the use of electric fencing, which offers no projections for 
rubbing, is preferable. After adapting the animal to the 
harness, etc., two or three days are necessary for adjusting 
the exact positions of the leg and neck switches: at this 
stage the traces and counts are checked against visual 


observations. When these are satisfactory, the equipment 


can be used to obtain behaviour data of the animals 
under various grazing conditions: the used length of paper 
strip is removed every 24 hours, and the counter figure 
read. 


Preliminary Use of the Recording Equipment 


A pair of identical twin Hereford-cross bullocks of quiet 
disposition was used for initial testing of the equipment 
described. It was found that, provided the harness was 
correctly adjusted, behaviour of a harnessed twin was 
not adversely affected in comparison with its twin in the 
same paddock without harness (cf. Hancock?). In later 
tests, both twins were harnessed and carried recording 
boxes. The recording mechanism withstood the shaking 
due to walking and running of the bullocks and gave 
satisfactory operation over a number of consecutive days. 
Adjustments were required chiefly in the external attach- 
ment of the various switches, due to the difficulty of 
adjusting straps to be firm but not uncomfortably tight. 
Excellent agreement was found between observations of 
up to an hour in which movements were recorded in 
detail by a stop-watch and the record subsequently “ read ” 
from the paper strip for that period. 
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The Operation and Loading Characteristics 


of Valve Oscillators for Dielectric Heating 


(Part 1) 


By V. L. Atkins* 


This article gives a mathematical analysis of valve oscillators as used in dielectric heating. 

The analysis is based on class-C amplifier operation. The conditions for maximum efficiency are 

shown and the effects of variable loading on the oscillator are dealt with. Later sections of this article 

will deal with power oscillator circuits, load matching and power transfer and work circuits and 
the control of loading. 


pened the last few years a considerable amount of 
interest has been aroused in industry by the use of high 
frequency power to heat materials of low electrical con- 
ductivity. This relatively new method of heating which 
differs from that of the normal conventional heating pro- 
cesses of convection, conduction and radiation, in that the 
heat is generated within the mass of material itself and 
does not depend upon heat transfer, has become of increas- 
ing importance to the development of new and improved 
methods of production. It has enabled production costs 
to be lowered, quality to be improved and has been the 
means of solving certain difficult heating operations. The 
material is heated when it is subjected to a high frequency 
alternating electric stress, the heat being generated by inter- 
molecular orientations and ionic oscillations set up within 
the structure of the material. Provided the field distribu- 
tion is uniform and the material homogeneous, the heat 
generated throughout the mass will be uniform, being 
directly proportional to the frequency and to the square of 
the applied voltage. The rate of heating also depends upon 
the electrical and physical properties of the material, the 
heating ability of a dielectric being measured in terms of 
its loss factor ¢ tana. 

The only suitable device which can supply the power at 
the frequencies required for dielectric heating is the 
thermionic valve. In most types of industrial high 
frequency equipment designed for dielectric heating 
applications, the power is generated by operating either a 
single or a number of triode power valves as a self-excited 
oscillator unit. The material to be heated is arranged to 
form the dielectric of a capacitor which is either the main 
tank capacitor of the oscillator or is connected to the tank 
circuit by various coupling arrangements. 

One of the main problems associated with this type of 
equipment is that its operation tends to be rather critical 
and unless the correct operating conditions are obtained, 
the performance of the equipment can be seriously affected. 
This calls for a considerable amount of thought and 
ingenuity in design, if satisfactory performance of the 
equipment is to be obtained under conditions which are 
liable to be met in practice. In most applications the 
load imposed on a generator is likely to vary during a 
heating cycle, and unless the generator is equipped with 
means of controlling the load, the power output can be 
seriously reduced. The problem is increased still further in 
the case of equipment required to cover a wide range of 
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applications of different loading characteristics. Discretion 
must be used in deciding to what extent the controlling 
circuit may be taken, for if it is allowed to become too 
complex, then the additional costs involved and skilled 
operation required, may not justify the use of the equip- 
ment. In certain single application work, means of auto- 
matically matching the load to the generator have been 
developed and so permit ease of control over the equip- 
ment. On the other hand it may be found that the amount 
of variation in power output which occurs during a heat- 
ing cycle for a particular material is not so serious as to 
warrant adjustments of loading. The problem is greatly 
simplified where the heating process can be carried out 
on a continuous basis, as the load will then present some 
average but constant value which can be adjusted to the 
optimum value. In order to be able to select the most suit- 
able operating conditions for a particular application and 
use the equipment to its best advantage, it is necessary to 
analyse the performance of the oscillator under varying 
load conditions. This first requires an analysis of valve 
operation to be made. 

Furthermore due to the severe usage a valve is liable to 
meet with in industrial equipment, it is normal practice to 
derate the operating conditions as specified for when the 
valve is operated under ideal conditions such as obtained in 
communication and broadcasting installations. 


Analysis of Valve Operation 

The behaviour of a power oscillator depends upon 
numerous interdependent variables, all of which govern 
the power output and operating efficiency; the carrying 
out of a detailed investigation of a valve’s performance 
under varying operating conditions presents a formidable 
task. However, certain approximations can be made which 
allow sufficiently accurate results to be obtained for most 
practical design work. The whole design problem revolves 
around obtaining the correct operating conditions to ensure 
the correct loading of the valve to deliver maximum power 
output, sufficient grid excitation to draw the full rated 
peak emission of the cathode and the correct level of 
d.c. bias to give a high efficiency of operation. The opera- 
tion of an oscillator does not differ greatly in principle 
from that of a class-C amplifier, the main difference being 
that, in the case of an oscillator, the power absorbed by 
the grid circuit is taken from the output circuit. Thus in 
the following analysis which is based on class-C amplifier 
operation, the grid driving power must be deducted from 
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the total power output. To simplfy the computations 
involved, it is assumed that the tank circuit always 


‘presents a resistive load to the valve and the frequency of 


operation does not vary greatly with load. 


VOLTAGE CURRENT AND POWER RELATIONS 

The anode and grid voltage and current relations of 
a valve operating as a class-C amplifier are shown in Fig. 1. 
The instantaneous values of anode and grid currents 
depend upon the combined action of the voltages appear- 


of the valve V.. The phase relations of anode and grid 
voltages are such that the minimum instantaneous anode 
voltage Vaimin) Occurs at the same time as the maximum 
instantaneous grid voltage Vgimax) and corresponds to the 
point when the anode and grid currents reach maximum 
values. The sum of the anode and grid currents constitutes 
the total space current which is emitted by the cathode. 
The peak value of the space current which can be 
permitted to flow is governed by the emission characteristic 
of the cathode and determines its useful life. 





_ 6, — Sin 6a COS Oa 








ie) = sin 0, — 0 COS Os 
_ _m(I — cos @,) | 
f,(0) = sin 0, — 0, COS 20 
T 
iG) = sin 6, — sin 6, COSO, 
f(O2) = f(a) (1 — cos Oa) 
2m Mutual conductance. 


I, Peak amplitude of the fundamental a.c. 
component of the anode current (output). 
Tacact) Actual value of a.c. component. 
Tacopt) Optimum value of a.c. component. 
I, Peak amplitude of the fundamental a.c. 
component of the grid current. 
Teta) D.C. grid current. 
Ik | Cathode current. 
I, D.C. anode current (input). 
Tocacty) Actual value of d.c. current. 
o(opt) Optimum value of d.c. current. 
i, Instantaneous anode current. 
Peak amplitude of anode current. 


ia(pk) 

igipx) ‘Peak amplitude of grid current. 
Tank circuit inductance. 

Loopt) Optimum value of inductance. 


P, Power dissipated at anode. 
P, Power dissipated at the grid electrode. 
Peitot) Total grid driving power. 
Pin Power input to valve. 
Pout Power output of valve. 
Pzz Power dissipated in grid resistance. 
Q = Qof tank circuit. 
Qiact) Actual Q value. 
Qvopt) Optimum Q value. 
R, Grid resistance. 


Ri Effective parallel resistance of anode load. 
Riact) Actual load resistance. 
Rivpt) Optimum load resistance. 


R. Dynamic internal impedance of oscillator 


(=f; (6a) ra). 





uj 


List OF SYMBOLS USED 


| 
| 
| 
| 





R, Effective series resistance of tank circuit. 
r, Internal impedance of valve. 


V, Peak amplitude of the fundamental a.c. 
voltage developed across the anode load. 

Vx __ Bias voltage. 

V. “Cut-off” voltage. 


V, Peak amplitude of grid exciting voltage. 
V,’ Peak amplitude of grid exciting voltage 
under dynamic conditions. 
V, D.C. anode voltage. 
V, Voltage by which bias exceeds “ cut-off ” 
value. 
v, Instantaneous anode voltage. 
Vaimin) . Minimum instantaneous anode voltage. 
v, Instantaneous grid voltage. 
Vg(max) | Maximum instantaneous grid voltage. 
a Ratio of »Vs/Vo. 
Tana Loss factor. 
8 Number of electrical degrees measured 
from the crest of the cycle. 
Y Ratio of MV gcmax) | Vo. 
e Dielectric constant. 
n Valve operating efficiency. 
nia) Asymptotic efficiency. 
nisat) Efficiency at saturation. 
0, 4 the angle of anode current flow (operat- 
ing angle). 
26acact) Actual operating angle. 
26acopt) Optimum operating angle. 
6, 4 the angle of grid current flow. 
wu Amplification factor of value. 
1+ pp 
. Va 
o Slope of limiting edge of a valves 
characteristics. 
Va(min) 


Vo 

@ Ratio of R1/ra. 

Ww Universal function. 
yw Function of 6. 


f= 








ing at the anode and the grid at a particular instant and 
may be evaluated from the characteristic curves of the 
valve. 

The voltage which appears at the anode of the valve 
consists of the d.c. supply voltage V. minus the funda- 
mental alternating voltage V. which is developed across 
the tank circuit. Under normal operating conditions the 
peak amplitude V, of the fundamental approaches to 
approximately 90 per cent of the direct voltage V., and 
thus the minimum instantaneous anode voltage Vaimin) = 
(V. — Va) will approximate to 10 per cent of Vo. 

The voltage appearing at the grid consists of an alter- 
nating voltage V, (peak) superimposed on a negative d.c. 
bias voltage Vz which is greater than the cut-off value 
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When operating correctly the value of the maximum 
grid voltage Veimax) is slightly less than the value of the 
anode voltage vacmin. If the grid is driven positive with 
respect to the anode (i.e. Vg (max) > Va(min)) then the valve 
is likely to be damaged due to the excessive grid current 
which will be drawn. 

The instantaneous anode and grid voltages can be 
expressed as follows: 

Instantaneous anode voltage: 


Va = Vo — (Vo a Va(mim)) cos B aa eeiaye (1) 
Instantaneous grid voltage: 
Vg = (Va + Veimax) COSB — Vp ...... (2) 


where £ is the number of electrical degrees measured from 
the crest of the cycle. 
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Fig. 1. The anode and grid voltage and current relations of a class-C 


amplifier or oscillator 


During the positive swing of the grid voltage both anode 
and grid currents will flow. These currents are in the form 
of pulses, the duration of which are determined by the 
number of degrees by which the positive cycle of the grid 
voltage exceeds the cut-off point in the case of the anode 
current pulse, and the cathode (zero) potential in the case 
of the grid current pulse. 

These angles of flow can be expressed as follows: 

Angle of grid current flow equals 20, where 


6 x cos~? ValVe om & 5.04.69 4 09.040 (3) 
Angle of anode current flow equals 26, where 
Ve jo V. 
eT gai ee Se (4) 


Equating equations (1) and (2) at the point of cut-off 
(V.) where vg is equal to va/u, » being the amplification 
factor of the valve, a further expression for the value of 
6; which eliminates the cut-off value V. is obtained: 

* en eee (5) 
, tL Vgimax) + Va(min) 
an 

oa 
Simplifying this relation by taking the limiting case where 
Vamin) equals Vgimax) and calling the ratio of this value to 
V., 7; the following useful expression is obtained: 


' ;' cos 6, 
Va/Vo=1/u +7(1 + !) sob 


Curves showing values of Vs/V. for varying operating 
angles and amplification factors for a value of 7 equal to 
0-1, are plotted in Fig. 2. 

The power dissipated at the anode at any instant is 
equal to the product of the instantaneous values of anode 
current and voltage, while the useful power supplied to the 
tank circuit at any instant is equal to the product of the 
instantaneous values of anode current and the voltage 
developed across the tank circuit. 

The maximum power which can be safely dissipated at 


6, = cos~' 
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the anode determines the power handling capacity of the 
valve. The power loss and output taken over a complete 
cycle is equal to the average of the respective instantaneous 
values. The sum of the power loss and output constitutes 
the power input to the valve, this being equal to the pro- 
duct of the anode d.c. supply voltage V. and the direct 
current J, which is the average value of anode current 
flowing over a complete cycle, as would be indicated by 
a direct current meter connected in the anode supply. 
The operating efficiency is the ratio of power output to 
input and depends largely upon the angle of flow 20,. The 
high efficiency at which a class-C amplifier or oscillator 
operates is the result of the anode current flowing for 
something less than half a cycle, during which period most 
of the d.c. supply voltage is used across the tank circuit, 
whereas the anode voltage is passing through its minimum 
value. If the angle of current flow 26, is increased, the 
d.c. input will increase with the result that the power input, 
output and loss will increase. At the same time a greater 
proportion of the d.c. supply voltage acts upon the anode 
while the anode current flows and so reduces the efficiency. 
This means that a high efficiency of operation is only 
obtained at the expense of a low output power. A com- 
promise therefore has to be made between output power 
and efficiency, and in practice efficiencies of the order 
of 60 to 75 per cent are obtained with durations of anode 
current flow of between 120° and 150°. 

The pulse of anode current is distorted from being a 
section of a sine wave, owing to the valve operating over 
the non-linear portions of the characteristic curve which 
exists at saturation and cut-off. Furthermore the flow of 
grid current diverts some of the space current from the 
anode flow and thus tends to “flatten” the crest of the 
anode pulse. This distortion increases the harmonic con- 
tent of the anode current waveform. However, as the 
impedance presented by the tank circuit to the fundamental 
frequency is considerably greater than the impedance 
offered to the harmonics, the predominating voltage 
developed across the circuit will be that of the fundamental. 


Fig. 2. Ratio of 2 against angle of flow 9, for varying va'ue of , at 
the limiting conditions where v having been taken to 


a(min) ~— Ye(max)? 


be equal to 0-1 


»=40 
30 40 50 60 70 80 90 
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Thus the anode current will consist primarily of the d.c. 
component /, plus an alternating current J, of the funda- 
mental frequency. The voltage developed across the tank 
circuit will be equal to the product of J, and the effective 
load resistance Rt, i.e.: 

PERE 1 CRM PRS iP ae A ee eye (7) 
As the values of J, and V, are the peak values then the 
power output (i.e. developed in the tank circuit) will be 
expressed as follows: , 








; Vala 
Prout) baa 2 D <aiayelel ew Wiehe 078 ¥ eco re (8) 
The power input: 
Pin = Volo ry See eee ee ee (9) 
and the valve efficiency: 
Vala 
= . 50 ore | 
1-7 eR per cent (10) 


The resistive load Rx which the tank circuit presents to 
the valve is equal to QLw and thus power output can be 
expressed as: 


VS 
Prout) = 2 OLw Soe e nt cr a ee (11) 
from which the following useful relation is obtained: 
Effective voltage across tank circuit 
Vatr.m-s.) = V (Prout) OLw) Kas ae ue (12) 


ANALYSIS OF ANODE CURRENT COMPONENTS 

The power input and efficiency of a valve operating 
under class-C conditions is governed largely by the angle 
of anode current flow 26,, which determines the relation 
between the d.c. (J, input current) and the fundamental 
a.c. (J, output current) components of the anode current. 


This relation between the ratio of J,/J, and the operating 


angle 26, forms the basis upon which the operation of 
a valve working under different loading conditions can 
be analysed. 

Under dynamic operating conditions the anode current 
flowing at any instant is a function of both the instan- 
taneous values of anode and grid voltages, i.e.: 

is = f . (Ve, Va) (13) 
Childs-Langmuir’s “space charge formula” shows that the 
total current flowing from the cathode is proportional to 
the 3/2 power of the voltage (V) producing the electric 
field at the surface of the cathode, i.e. : 

i = MV?!? (14) 
M being a constant depending upon the valve construc- 
tion. In applying this relation to a triode the electric field 
existing at the surface of the cathode is proportional to 
the quantity (V; + V./) which represents the effective 
anode voltage produced by the combined action of both 
grid and anode voltages. For most triodes the amplifica- 


tion factor » is constant over their normal working range | 


and the cathode current can be expressed as follows: 
Ik = M(V_ + Va/u)?!? (15) 
For the purpose of analysing the operation of a valve 
amplifier it is only the anode current relationship which 
requires to be studied, and in practice it is sufficient to 
assume that the relationship follows a linear law which 
simplifies the calculations involved. Actually, operating 
curves derived from the 3/2 power law do not différ 
greatly from those based on a linear law. 
The anode current can be expressed as follows: 
i= 8m (Ve + Val) (16) 
where gm, the mutual conductance of the valve, repre- 
sents the slope of the i,/v, characteristics of the valve 
(assumed to be linear). With class-C operation, where 
anode current only flows for part of a complete cycle the 
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relation becomes: 
is. = 8m (Vg + Valu), = Ve + Va/ > 0 4 
i, = 0, Vg + Vasu <0 ait 
the change over from one equation to the other occurring 
when vg = —va/m i.e. when 8 = +6, and —Oa. 
Substituting for the values of va and vz as given by 
equations (1) and (2): 
Vo — Va(min) 


in = tol Va Vg(max)) cos B- Vet+ Vo/ pu aoe cos B 


Leite we eves (18) 


Under static conditions the “cut-off” point is equal to 
V./u and putting 

Vo = Vol pm = Va-—V, (19) 
where V, is equal to the voltage by which the bias exceeds 
the cut-off value, then the expression for anode current 
becomes : 








eins COM BH Va i Sceecicees (20) 
and 
i et IO sn es (21) 
Ve 
where 
Vo —Vatmin) 
Vel = Va + Veimax) Lea rainn) Aaa (22) 


and represents the peak amplitude of the effective grid 
voltage which would produce the same change in anode 
current under static (constant anode voltage) conditions. 
The peak amplitude of the anode current will be: 

is peak = gm Vz’ (1 — cos 6a) (23) 
The instantaneous anode current which consists of the d.c., 
the fundamental a.c. and various harmonic components 
can be expressed as a Fourier series, i.e. : 


loa) 
in = f(B) = [0/2 + > Can cosn B + Ian sinn ) .. (24) 


n=1 


Expansion of this series for the interval —z to +7 gives: 


n=! — 


Tv Cor 
in=f(B)=1/2m [f(B)d B+ 1/2 > [(f(B)cos n B’d B’)cos n 8 


T 
2D ar 
+1/x > [(f(6)sin n 6’ d B)sin n 8 


eeeerdes emul <s (25) 
In this expression the variable of integration in the definite 
integrals is written as 2’ to show that the coefficients are 
not a function of the variable of integration. 
Extracting the values of the d.c. and the in-phase (cosine 
term) fundamental (n = 1) a.c. coefficients : 
Tv 


I, = 1/7 [f(B)cos f'df’ .......... (26) 
and: si 
I, = 1/22 [ne | EEE (27) 
Now i, is a function of 6 thus : 
b= Afefh Ef SaReneree eey (28) 
and: a 
i= 1/2 fis OIE 54 Meer iies aa (29) 


rae 
Applying the values given for i, in equations (17) and (20): 
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—6, +6, 
1, = 1/m[[0cosBdB + ( gn(V,’ cos 8 — Va)cos Bd + 
“~~ rs > o, 
T 
[OcosBdB].......... (30) 
+6, 
and: 
=0. “ot, 7 
I, = 1/2 [0d B+ [emlVe' cos8 —V.)dB + [0d B] 
fr a. +6, 
Oe eae Cs Salar (31) 
Owing to the symmetry, the equations become: 
ie 2/m { gu(Ve" cos8 —V,) cosBdB...... (32) 
and: 
6, 
Io = 1/m [ gn(Ve’ cosB — Va) dB ........ (33) 


Integrating and substituting the value of V, as given in 
equation (21): 


Wie m . 
SS, — sin 6. cos 62) 


re §e (sin 6. — 0, COS«0) ........ (35) 


is 


I, = 


The ratio of the direct current to the fundamental a.c. com- 
ponent is now readily obtained, viz: 
6, — sin 6, cos 0, 

L/lb = oy gogo y iS (|) ae 
Thus the ratio of J,/J. is a function of the duration of anode 
current flow. Values are plotted in Fig. 3 for operating 
angles between 100° and 160° which is the usual range met 
in practice. 

A further relation which enables the ratio of the peak 
current drawn by the anode to the average d.c. value to be 
evaluated is derived from equations (23) and (35), i.e.: 

a(1 — cos 6a) 
sin 0, — 0, COS 6, Fs (6) 
Values for this relation are-also plotted in Fig. 3. 

The value of iatpeak) /Ia is simply obtained from f.(@.)/f,(6s) 
= f(s). 


Grid Driving Power 
The flow of grid current causes power to be dissipated 
in the grid circuit, which in the case of a self-excited oscil- 
lator is drawn from the output power, which thus reduces 
the amount of useful power available for work application. 
The total power absorbed in the grid circuit is equal to: 
I; Ve 


Peitot) = oY 





iacpeak) | To = 


where V, is the amplitude of the grid exciting voltage and 
I, is the peak amplitude of the fundamental alternating 
current component. Part of this power is dissipated in the 
grid resistor (R-) and will equal: 

a! Sa ae ee (39) 
where /.,ac) is the direct current component; i.e. the average 
value as would be indicated by a d.c. meter connected in 
series with the resistor; while the remaining amount of the 
power is lost through heating of the grid electrode by elec- 
tron bombardment. Under normal operating conditions the 
grid current flows only for a very small fraction of the 
complete cycle and as a result the ratio of the alternating 
component to that of the direct component approximates 
to 2. This can be easily seen, for as 6, approaches zero the 
definite integral of the fundamental component coefficient 
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approaches to the value of the definite integral of the direct 
component coefficient, i.e. : 
6,->0 6,->° 
f ig cos B (dB) > j a ee cores (40) 
e Oo 
from which follows: 


6,0 
2/z{ is cos B (dB) 
Ig] Tac) = eT ms <> 2 bie pasa (41) 
I/x fie (dB) 
° 
thus the total driving power can be expressed as: 
Pecos) = [ettn Ve... 222-005. (42 


40 sO 60 70 


ANGLE OF FLOW 6, ( Degrees ) 


Fig. 3. Functions of g, for oscillator 


The power dissipated at the grid electrode therefore 
becomes: 
Pe =dpas Veo — Tea? Rei. 6c cals es (43) 
= Tg<ae) Ve(max) (44) 
As the crest of the cycle is reached the anode voltage 
passes through its minimum value and causes the grid 
current to increase rapidly with the result that the grid 
current pulse is sharply peaked. The pulse shape approxi- 
mates to a sine-squared function and accordingly the rela- 
tion between the alternating and direct current components 
can be expressed as follows: 
(V_ cos 8 — Vx)’ 


. (45) 


6, . oe 
1/x ( (Ve cos 8 — Vz)? dB 


°o 


ig/Tgcac) 


from which follows that as Vx = Vz cos 6, and cos 3 of 
the numerator equals unity at peak value: 
: iL a(1 — cos 6,)’ Z 
etm rates 1S — 374 ae ey + 8, Ce, 
RELATIONS GOVERNING THE ANODE AND GRID OPERATING 


ANGLES 
For a given valve the critical factors which govern the 


(46) 
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Va(min) 
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the value of (7) is taken as 0-1 


° 





anode operating angle 26, are the ratios pVs/Vo, 
MVeimax)/Vo and Vacmin)/Vo (7). Calling the values of 
uVx/Vo and puvecmax/Vo, a and y respectively, then from 
equations (21) and (22): 


a— | 


6, = cos~? —_—————, ......... sees (47) 
a+ Y a ] 
Likewise for the grid operating angle: 
6, = cos™' SL oe Pa (48) 
at y 


In the graph shown in Fig. 4 which has been prepared from 
these expressions the value of Vaimin)/Vo has been taken 
as 0-1 and thus for a fixed value of Vacmin, the grid bias 
voltage Vx, the grid exciting voltage Ve and the grid operat- 
ing angle 6, may be determined for a given anode operating 
angle 6, once the maximum grid voltage Veimax), aS chosen 
from the characteristic curves for a particular valve, has 
been established. Knowing the peak grid current drawn under 
the conditions specified, the direct current may be obtained 
from equation (46) and thus the value of the grid resist- 
ance required to produce the correct bias voltage may be 
determined. It can be seen that for a given duration of 
anode current flow there will be a limiting point beyond 
which the values of a and y becomes unduly large, result- 
ing in the power dissipated in the grid circuit becoming 
excessive. Usually a varies between 1:5 and 4 and y 
between 2 and 8, the high values being demanded by valves 
of large impedance. 


(To be continued) 


A Single Cycle Tienes for 
Small Spot Welders 


By G. O. Crowther*, B.Sc., A.C.G.L, and L. H. Light*, B.Sc., A.Inst.P. 





An improvement in the quality of spot welds in small components results if the welding time is 
reduced, thereby minimizing the region adjacent ,to the weld in which there is a risk of damage by 
over-heating or oxidation. The single-cycle timing circuit described was originally designed for use 
with existing welding equipment in valve manufacture, but can be adapted for other applications. 

Suggestions for modifying the circuit as a multi-cycle timer are also given. 


HE quality of resistance welding may be considerably 

improved by reducing the welding time to as short a 
period as is consistent with the peak power handling 
Capacity of the welding machine. In these circumstances, 
the heat, which is generated mainly at the spot where the 
surfaces to be joined meet, cannot spread appreciably 
from that region so that the area over which the metal 
is softened is minimized and the risk of burning or 
oxidation is almost eliminated. The circuit described in 
*The Mullard Radio Valve Co. Ltd. seamaster 
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this article was developed for use with existing welders 
employed in the assembly of thermionic valves. Apart 
from one fundamental limitation, namely that the circuit 
is not suitable for welds to copper, the performance on a 
variety of operations was satisfactory and the expected 
improvements in the finished work were realized. The 
timer is considered suitable for any low-power welder 
operating from 200V to 250V a.c. mains and requir- 
ing a peak current within the rating of the thyra- 
trons used, i.e. 40A for thyratrons type MT57 (XG1-2500). 
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Fig. 1. The single cycle welding timer 


Design Considerations 


Experiments carried out during the development of 
this timer indicated that a welding period of 20msec is 
optimum. This time proves short enough to realize most 
of the advantages of short-period welding without making 
necessary the use of larger and more expensive welding 
transformers. It also allows the use of very simple and 
reliable circuits. 

In single-cycle welding it is essential to commence and 
finish the weld at the same point in the mains cycle, 
thus avoiding excessive variations of welding power, large 
switching surges, and saturation effects in the welding 
transformer. This demands much more accurate switching 
than is possible with mechanical relays. In the timer under 
review, switching is performed by two type MT57 thyra- 
trons connected in inverse-parallel and in series with the 
main welding transformer. A cold-cathode trigger tube 
type 1267 (Z300T) is employed to fire one of the thyratrons 
which conducts for a half cycle. The second thyratron is 
arranged to conduct for the following half cycle. 


Circuit 
The circuit diagram of the timer is reproduced in Fig. 1 
and the various waveforms are shown in Fig. 2. A weld 


is initiated when the operator depresses the pedal thus 
closing switch S,, which connects the supply to the anode 


Fig. 2. Waveforms in the single cycle timer 
The sequence of events shown here ensues if closure of switch S, occurs 
between t, and t,. It may open any time after ty. 
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former T, appears on the trigger electrode. When V, 
conducts, the potential at its cathode rises suddenly to 


of the trigger-tube V,. This tube remains non-conducting, (Vit-Vourn), and thus fires the first thyratron, V., via 


however, until a timing pulse from the peaking trans- 
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C,. When V, extinguishes at the end of the first half cycle, 
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an impulse is generated by the “follow-on” peaking 
transformer 7,, firing V, which therefore conducts during 
the second half cycle. 


Since V, remains conducting until the operator releases 
the pedal, thus opening switch S$, and disconnecting the 
anode supply to the tube, the timing cycle cannot be 
repeated until the pedal is again depressed. 


PEAKING TRANSFORMERS 

The timing pulses on the grid of V, are obtained from 
the peaking transformer T.,, the primary of which is 
connected in series with resistor R, to a voltage derived 
from the mains. As indicated in Fig. 3, the alternating 
current Jp in the primary circuit is sufficiently large to 
saturate the core of the transformer for a considerable 
portion of the cycle. A voltage will appear across the 
secondary only during the short time when the core is 
unsaturated while the primary current is passing through 
zero. Because the circuit is almost entirely resistive 
(R> wLunsat), the primary current will be in phase 
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Fig. 3. Waveforms in the circuit of the peaking transformer T, 


In practice the core is saturated for a much greater part of the cycle 
than has been shown here. The actual duration of the secondary pulse 
is therefore much shorter. 


with the voltage at the point A in Fig. 1. The phase-shift 
circuit R,C, causes the voltage at a to lag 30° to 40° 
behind the mains so that the positive pulse produced in 
the secondary of the peaking transformer does not occur 
until the anode of V, is positive. The rectifier MR. 
suppresses the negative output pulses from TJ, so that 
they cannot interfere with the operation of V,. 


The second thyratron V, is fired by a pulse delivered by 
a similar transformer, 7,, the primary of which is con- 
nected in series with the primary of the main welding 
transformer. A positive pulse appears at the grid of V, 
as the current in V, falls to zero. Since, as shown on the 
left in Fig. 4, only half the range of primary current over 
which the core is unsaturated is used, the output pulse 
for a given turns ratio is less than if the full range 
(—Isat to +Jsat) were used. To obtain more efficient 
Operation, therefore, a third winding has been added 
through which a steady direct current is passed. This 
current shifts the range of primary current over which 
the core is unsaturated from (—Jsat to +/Jsat) to 
(0 to 2Jsat) so that the complete range of current over 
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which the core is unsaturated is, in fact, employed as 
shown on the right in Fig. 4. 

As will be seen from Fig. 2, which shows the wave- 
forms in the main welding circuit, the current in the 
primary of the main welding transformer lags behind the 
applied voltage since the circuit contains an inductive 
component. The anode-cathode voltage V, will, how- 
ever, remain negative until the first thyratron V, ceases 
to conduct, when it suddenly goes positive to a value equal 
to the instantaneous value of the mains voltage. At the 
same instant the large positive pulse from 7, appears on 
the grid of V, and fires the tube. 


THYRATRON BIAS 
The two thyratrcns are biased by alternating voltages 
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Fig. 4. Waveforms in the circuit of the peaking transformer T, 


in anti-phase with their respective anode voltages and 
obtained from separate windings of the filament trans- 
former 7,. The grid current which flows during the 
negative half-cycle of anode voltage charges capacitors 
C, and C, in such a sense that a negative bias is super- 
imposed on the alternating grid voltage sufficient to 

" prevent the thyratrons from conducting during the 
succeeding half cycle. 


DELAY CIRCUIT 

A pre-heating period must be arranged before the 
thyratrons are allowed to operate. A delay of six to 
eight minutes, which is adequate for the MT57 mercury 
vapour valve in view of the very low duty cycle in this 
application, can be provided either by thermal delay 
mechanisms or by electronic means, such as the “ boot- 
strap” delay circuit!. This should be connected in such 
a way that the anode circuit of V, is held open until the 
pre-heating period has elapsed, thus rendering premature 
triggering of the thyratrons impossible. 


INPUT VOLTAGE RANGE 
The electrical design of the circuit has been calculated so 
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as to ensure reliable single-cycle timing under all conditions 
likely to be encountered in normal practice. In particular, 
the circuit performance is not affected by mains voltage 
fluctuations even in excess of +10 or —15 per cent from 
the nominal value, which in the prototype equipment 1s 
220 or 230 volts. When such large mains variations are 
expected to occur frequently, however, a constant voltage 
transformer should be used for the thyratron heater 
supply. Generous margins have been allowed for changes 
of valve characteristics over life and for component 
tolerances. 


PoweR HANDLING CAPACITY 

Owing to their very brief and infrequent conducting 
periods, the MT57 thyratrons employed in the timer can 
be run at their “igniter service” peak current rating of 
40A. This was found to be ample for all welds encountered 
in receiving valve assembly. Larger welding power can also 
be obtained by using a higher input voltage. If this is done, 
say by connecting the welder between two phases of a 
three-phase supply, it is necessary to increase the a.c. grid 
bias voltage of V. and V;. 


Installation 


WELD-INITIATING SWITCH 

The switch operated by the pedal for initiating the weld 
must be of a type which makes positive contact without 
excessive bounce, otherwise there is a risk of occasional 
double-cycle welds. Micro-switches have been found to be 
satisfactory, and should preferably be installed on the 
welding head in such a position that they close when a 
definite force is applied to the work, irrespective of the 
adjustment of the welding electrodes. 


HEAT CONTROL 

Since the welding time is fixed, the only way of varying 
the energy input to the weld is by adjusting the welding 
power. This can be done most conveniently by arranging 
a variable resistor in the primary circuit of the welding 
transformer. Fig. 1 shows an arrangement in which two 
preset values of welding energy are obtained by means of 
a changeover switch which selects part of a single rheostat 
having two taps. 


INTERFERENCE 

The apparatus is insensitive to all forms of mains 
interference. This property is most fully realized when the 
live and neutral leads of the mains supply are connected 
as shown in Fig. 1, and this method of connexion should 
therefore be adopted whenever possible. 


FORGING PRESSURE 

Forging pressures higher than normal are required in 
short-period welding. This pressure must remain effective 
while the material “ gives”’ during the current flow. The 
electrode tips must thus be capable of being accelerated 
quickly, making low inertia of the moving parts or 
sufficient compliance in the electrode system highly 
desirable. 


Performance 


The prototype timer was fitted to standard welding 
equipment modified only to give an increase in forging 
pressure. Prolonged trials in various departments of the 
valve factory have shown that very satisfactory results 


ELECTRONIC ENGINEERING 114 


can be obtained with the timer. The quality of welds 
produced is high: strength, consistency, appearance and 
freedom from oxidation are all substantially better than 
with multi-cycle timing. The improvement obtained has 
proved particularly valuable in the welding of difficult 
materials such as molybdenum. The factory has now been 
largely re-equipped with welders incorporating the single- 
cycle timer. The timers have proved reliable and a very 
high standard of welding has been achieved under produc- 
tion conditions. 

The fact that a pre-heating time of approximately six 
minutes is required before commencing welding is a minor 
disadvantage which, however, has not proved a serious 
handicap in practice. A more serious disadvantage is that 
single-cycle welding cannot be used for welding copper to 
other metals. The reason is that insufficient time is avail- 
able for the heat to spread to the low-resistivity copper 
from the other metal where most of the heat is generated. 
This is a fundamental limitation which imposes some 
restriction on the use of the process. 


Adaptation for Multi-cycle Welding 


It is possible to design multi-cycle timers using the same 
operating principles as the single-cycle timer described. 
The cold-cathode tube V, in the single-cycle timer is, in 
effect, a gate which allows only one of a train of trigger 
pulses to produce an output from the two thyratrons each 
time the weld-initiating switch is closed. This constitutes a 
single counting action—a count of one. 

The principle of using digital methods instead of 
analogue methods can also be used with advantage in 
multi-cycle timers, particularly in those which employ 
thyratrons to switch the welding current. Simple counting 
circuits, which pass the requisite number of pulses to the 
leader thyratron each time the initiating switch is closed, 
can be designed round one of the valves recently developed 
for the purpose, such as the cold-cathode ring counters or 
the EIT hot-cathode ribbon-beam counting tube. Such 
timers have the advantage of synchronous operation and 
absolute accuracy which is often difficult to achieve in 
other timing methods. 
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APPENDIX 


Details of Peaking Transformers 7, and T,. 
PEAKING TRANSFORMER 7, 

L, 5000 turns 47 s.w.g. 

L, 10 000 turns 47 s.w.g. 


PEAKING TRANSFORMER 7, 

L, 100 turns 20 s.w.g. 

L, 2000 turns 47 s.w.g. 

L, 3000 turns 47 s.w.g. 

Core of T, and T,: 6 Mumetal laminations interleaved 
U-shaped stamping No. 30, thickness 0°-4mm. 
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Portable Restriking 


By J. W. Armitage*, 
: 


Voltage Display Unit 


Dipl.Eng., A.M.I.E.E. 


This article describes a method of displaying on the screen of a cathode-ray oscilloscope, employing a 
stationary film camera and a continuously running time-base, the whole history of the transient 


developed during separation of switch contacts. A 


Ithough the instrument was made for the investi- 


gation of restriking voltages appearing across circuit breaker contacts on separation and for measuring 


the surge voltages during fuse short circuit-testing, 


it can be used for studying relays, contactors, etc. 


The time-base is continuously running and the rapid flyback results in the transient being divided 

into a number of small sections which are superimposed on the same portion of the c.r.o screen. Thus 

the whole history of the transient is recorded on a film approximately lin square. Some records taken 
during actual circuit breaker and fuse tests are given. 


ee equipment has many advantages over other and 
older types of equipment used for this work which were 
of the continuously evacuated type and used rotating drum 
cameras. The drum with film rotating in vacuo. The 
instrument described uses a normal c.r.o. recording camera 
incorporating a bloomed f/1, Wray, c.t.o. copying lens. 
Using the same technique it is also possible to record three 
phases simultaneously by using a single tube unit in each 
phase, or current and voltage can be investigated by a 
twin tube unit. 


The unit here described records on a stationary film 
the transient voltage and subsequent 50c/s open-circuit 
voltage across the breaker by means of a sealed-off 
cathode-ray tube. In order to obtain sufficient length of 
trace to show the details of the front and subsequent 
high frequency portion of the transient with sufficient 
clarity a continuously running time-base, with rapid 
flyback, was employed. Thus the recorded voltage is 
divided up into a number of short time lengths, all super- 
imposed on the same portion of the fluorescent screen of 
a cathode-ray tube. To facilitate time calibration of the 
records the time-base is synchronized to the calibration 
oscillator. At first sight it seems that the records are 
somewhat crowded, but the transient is quite clearly 
recorded and all the necessary information about the 
transient easily determined without reference to divider 
characteristics etc. Direct comparison between transient 
peak and 50c/s wave peak gives the transient amplitude, 
frequency of transient again is obtained by direct com- 
parison with calibration oscillator as is the front of the 
transient, also duration of transient can be determined, 
in fact the whole history of the transient is contained on the 
lin square film. 


The small size of the finished record is a great advan- 
tage since filing space can be drastically reduced. The 
instrument also has the merit of being transportable and is 
always ready for service. 


Since the instrument employs a continuously running 
time sweep provision is made for brightening the cathode- 
tay beam in, for a brief period before the circuit breaker 
contacts open, or the fuse blows, and suppressing it after 
the transient has passed. The total length of time that the 
beam is brightened is variable and hence the total length 





* Metropolitan-Vickers Electrical Co. Ltd. 
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of the complete record can be varied to suit the test 
conditions. An internal trip circuit is included so that the 
calibration wave can be shown on the record. Also to 
avoid confusion of the main trace, when the calibration 
wave is switched on, the tube trace is displaced in the 
Y direction, and by synchronizing the time-base, at all 
times, to the calibration oscillator, time calibration is 
simplified since this ensures that the calibration wave 
appears as a fine trace. 


Description 


The equipment consists of (a) a cathode-ray tube, 
(b) 500V stabilized power supply, (c) high frequency fed 
d.c. set for supplying the 6kV beam accelerating voltage, 
(d) a continuously running time. sweep operating on the 
Miller principle, (e) calibrating oscillator giving 500c/s 
and 10ke/s, (f) auxiliary circuits including tripping, beam 
modulation and tube controls, etc. 

The equipment was housed in two steel cabinets, the 
power supplies, stabilizer and h.f., d.c. unit being built in 
the larger one and the smaller one containing the cathode- 
ray tube on its upper deck and the time sweep, modulator 
and timing generator on its lower deck. 


Circuit Operation 

The circuit diagram is shown in Figs. 1 (a), (b) and (c) 
for the power pack cabinet and in Figs. 1 (d), (e) and (f) 
for the c.r.o. cabinet. The +500V d.c. supply (Fig. 1 (a)) is 
obtained from the transformer 7, and full wave rectifier 
V, and supplies the other circuits via the series fed 
stabilizer V, and V,, the reference voltage being that 
developed across the neon V;. A further rectifier V, 
supplies the 500V negative d.c. for biasing and for pro- 
viding a negative supply for the push-pull shift for the 
X and Y plates of the cathode-ray tube. 

The cathode-ray tube is supplied from the hf. unit 
(Fig. 1 (b)) which delivers about 6kV. The supply to the 
various anodes is taken from the divider chain R,. to Rs. 
(Fig. 1 (e)). The heater supply for the tube was originally 
taken from a third winding on the r.f. transformer 7, but 
this did not prove too satisfactory as modulation of the 
beam occurred. The heater supply was run from a 50c/s 
transformer and the fault was eliminated. Positioning of 
the spot on the screen is accomplished by the ganged 
potentiometers R,, and R,., R,,; and R,, (Fig. 1 (e)). To 
prevent the rectifier V, from having voltage on its anode 
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Fig. 1(a-f). The transient cathode-ray oscillograph 
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before its filament is heated a “Sunvic” time delay V, 
is fitted to the SO0V supply to the h-f. unit. 

The time sweep (Fig. 1 (d)) operates on the “ Miller” 
principle, the capacitor C,, or Cj, being charged through 
the resistor R,, by thyratron V,, and discharged through 
the pentode V,, from anode to grid. The flyback occurs 
during the charging period and the sweep proper is con- 
trolled by the discharge through V,.. Control of the sweep 
speed is by means of the resistance chain R,, to R,,. The 
sweep amplitude is controlled by R,, by limiting the 
voltage to which capacitor C,, or C,, can be charged. 
Since a symmetrical sweep was required it was necessary 
to fit a phase reversing circuit, the voltage appearing at 
the anode of V,,. being applied to the grid of V,, via 
resistor R,, and C.,. The anode of V,, thus reproduces 
the same waveshape as appears on the anode of V,, but 
of opposite polarity. The time sweep plates are thus fed 
from the anodes of V,, and V,, via the coupling capa- 
citors Cz) and C,, respectively. With the phase reversing 
circuits, sweep amplitudes of from zero to about 900V 
can be obtained from a supply voltage of 500V d.c., the 
maximum voltage change appearing at the anodes of V,, 
and V,, being about 450V. The time sweep generator is 
synchronized to the calibration oscillator by injecting a 
portion of the oscillator voltage which appears across 
potentiometer R,, into the grid of thyratron V,, by 
means of capacitor C,, and Ryo. 

The timing calibration is provided by means of a simple 
RC oscillator (Fig. 1 (f)). The choice of an RC oscillator 
was governed by the frequencies demanded, namely, 
§00c/s and 10kc/s. An LC oscillator to provide 500c/s 
would be physically large. It will be noted that the change- 
over switch from 500c/s to 10kc/s is ganged to the 
changeover switch for C,, or C,,. Thus the 500c/s calibra- 
tion wave appears only on the slow sweep speeds which 
range from about Smsec to 100msec and the 10kc/s on the 
faster range of from 250yusec to Smsec. Also ganged with 
this changeover switch is a further switch for earthing one 
Y plate and adding a fixed bias to the other so that the 
calibration wave does not interfere with the main trace. 


Since the 125V d.c. used for tripping the circuit breakers 
under test, contained considerable ripple which was suffi- 
cient to trip off the thyratron V,, the post office relay S, 
was substituted. The 125V ‘supply operates this relay, 
applying a positive pulse to the grid of V, via C,) and 
R,, and this in turn makes pentode V,, conductive and 
applies a positive pulse to the grid of the cathode-ray 
tube via capacitor C,,. The internal trip button S,, being 
connected across the P.O. relay contacts, performs the 
same operation and is used to apply the calibrating wave. 
The grid of V,, is also brought out to a terminal on the 
front panel marked “External Trip” to synchronize 
modulation with other external equipment. Control of the 
length of modulating pulse is obtained by the resistors 
R,, to Rj, and capacitor C,,. The steps on the resistor 
chain are made to correspond to a modulation time of 
approximately one to four cycles of the 50c/s supply. This 
is necessary since the precise time of opening of a circuit 
breaker may not be known and if the spot remains 
illuminated too long the maze of 50c/s lines appearing 
on the screen would render the transient illegible. 


Results Obtained 


Fig. 2 shows the record of transient recovering voltage 
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obtained during the short-circuit testing of an air blast 
breaker. In the case of Fig. 2 (a) the total duration of 
the modulation is about 25msec, i.e. the total length of 
trace is 25msec but subdivisions are each of Imsec. The 
calibration oscillator is 10kc/s. Thus the following infor- 
mation can be deducted for the record. Maximum voltage 
rise of transient equals 1.4 times peak alternating voltage, 
frequency of resulting oscillations about 9kc/s. Total 
duration of transient 1-Smsec, time of rise of front of 
transient 55sec. 


Fig. 2. Oscillograms taken 
during testing of air blast 
breakers 


(a) Total sweep duration = 

25msec. 

Duration of each forward 
trace = \msec. 


Calibration oscillator = 
ke/s. 
Peak of transient = 1:4 
xX a.c. peak. 
Transient frequency = 
9ke/s. 
Rise time of transient 


front = SSysec. 


Total sweep duration = 
40msec. 
Duration of forward trace 
= 1-2msec. 
Calibration 
c/s. 
Peak transient = 
a.c. peak. 
Transient 
10ke/s. 
Rise time of 
= SOpsec. 


(6) 


oscillator = 
i eae 
frequency = 


transient 





Fig. 3. Oscillograms taken 
during fuse testing 
Peak voltage attained during 
fuse blowing = xX 4.€. 
peak. 





In the case of Fig. 2 (b) the following information is 
available: total duration of sweep 40msec, sweep length 
12msec. Calibration oscillator is 10kc/s, which gives a 
transient frequency of about 10kc/s. Peak transient voltage 
is 1°5 times peak alternating voltage. 

Fig. 3 shows the record obtained of the transient 
recovery voltage produced in the short-ciscuit test on a 
high voltage fuse. In this case a detailed knowledge of the 
waveshape of the recovery voltage was not required but 
what was of interest was the peak value of this voltage. 
Consequently the time sweep and beam modulation con- 
trols were so adjusted as to give a record showing a 
single.sweep in the forward direction of duration equal 
to 14 cycles of the 50c/s voltage. Although, as a result, 
the record of the transient voltage is compressed on the 
time axis, its peak value is clearly indicated and can be 
determined by comparison with the amplitude of the 
50c/s voltage shown. 

The recommended test (see B.S.88*) for high voltage 
fuses requires that a sphere gap, set at a suitable voltage, 


* Also A.S.T.A. Rules No. 8, Governing the Short Circuit Testing of 
H.V. Fuses. 
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should be connected in parallel with the fuse during the 
short-circuit test and that any recovery voltage developed 
when the fuse blows should be insufficient to flash over 
the sphere gap. This test, while reasonably simple to 
perform, merely shows whether the fuse has passed or 
failed, but does not indicate by what margin either of 
these results is achieved. The use of the display unit, 
however, in the manner indicated gives a positive measure- 
ment of the peak value of the recovery voltage and this 
can be compared with the stated peak voltage in the 
specification to decide whether the fuse has passed the test. 

In practice it is found equally simple to use the display 
unit as to use the sphere gap and in the case of high 
voltage fuses it is always much more convenient to use 
the former device. The display unit, moreover, has the 
advantage of giving more information and in the form 
of a permanent record on a photographic film. 


Conclusions 


The restriking voltage display unit using a sealed-off 
cathode-ray tube has satisfactorily performed the function 


for which it was designed, namely, of giving a record, 
lasting as desired from 1 to 5 cycles of a 50c/s wave, in 
the form of a series of short sweeps of a duration which 
can be varied from 250ysec to Imsec. 

It is capable, therefore, of recording such long-time 
phenomena as the transient recovery voltages of circuit 
breakers with a writing speed high enough to show details 
of waveshape and amplitude of the high frequency portion 
of the wave. The recorded trace can be photographed on 
35mm film, thus giving a compact negative requiring little 
storage space. . 

The display unit offers a convenient and more informa- 
tive alternative to the sphere gap as used in the short- 
circuit testing of fuses and its use in this test is 
recommended. 
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A Technique for Non-Linear Function Generation 
By P. N. Nikiforuk* 


A method is described for converting an element that takes the n‘" root (or n‘ power) of a signal to 
one that performs the inverse operation. A particular non-linear element is described and 
experimental results given. 


CCASIONS arise when it is desirable to convert a non- 
linear element whose output is proportional to the 
n root (or n™ power) of the input signal to one whose 
output is proportional to the n‘" power (or n“ root) of the 
input. This is desirable for example in certain types of non- 
linear servomechanisms where it is necessary to have part 
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Fig. 1. Block diagram of non-linear circuit 

of the control signal proportional to either the square root 

of the error signal or to the square of the velocity signal. 
The method described in this article accomplishes this 

merely by using two pentode amplifiers in addition to the 

given non-linear element. 


Principle of Operation 

The n“ root (or n™ power) of a signal may be extracted 
by using a three element closed-loop system in such a 
manner that the desired output is the input to a non-linear 
element which performs the inverse operation. 

In Fig. 1 the unit C is the given non-linear element and 
gives an output proportional to the n™ power of its input 
(@.). The unit A is an adding unit and combines the input 
signal and feedback signal to give an output equal to: 

2 (Ne ||) gl ien ee ae eee 
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The unit B is a high gain amplifier with a gain of G and 
gives an output equal to: 
G(6; — a6") 
This is equivalent to 4. 
Hence: 
6. = G(A — a6") 
If G> 1 and a ~ 1, then: 
6, = (8j/a)'/" 
which is the desired result. 


The Practical Circuit 

The non-linear system shown in Fig. 2 has been used for 
some time in the Servo-mechanisms Laboratory at Man- 
chester University to obtain an output signal that is pro- 
portional to the sign of the input signal multiplied by either 
the square root or the square of the modulus of the input 
signal. The system consists of three separate units, an 
adding element of the anode-follower type with a gain of 
unity, an amplifier with a gain of about 75 and a non-linear 
element whose output is proportional to the sign of its input 
(6,) multiplied by the square of the modulus of 6. In the 
arrangement of this circuit, which is basically a feedback 
amplifier of variable gain, the input signal is applied across 
two sets of diodes. Each diode is biased off NV. volts more 
than the preceding diode where N is an integer. When the 
modulus of the input is less than V, the gain is —R;/Ri. 
As the input signal increases either positively or negatively 
the upper or the lower set of diode rectifiers becomes opera- 
tive, the effective input resistance Ri’ becomes small and 
consequently the overall gain —R;/ Ri’ large. 

The curve relating input and output is approximated by 
segmented straight lines and the resulting function is para- 
bolic at the points 

V....(M —N,)V., (M — N,)V-, MV 
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Fig. 2. Circuit for squaring or square-rooting 


For squaring switches in the down position. 
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Fig. 3. Response of squaring circuit 
Required function Y = 0:24 X?. 
Theoretical curve— Experimental points ° 




















if the slope over the successive intervals of (M — N)V- 
volts increases in the ratio: 


M? — (M — N,)’ N. —N, 


(M —N,)* — (M —N.)? N, 
where M, N,, N, are integers, and M, N,, N. > 0. 
R,...R,andR,,. . . Rss were calculated approximately. 
Variable resistors were then inserted in series with the 
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For square-rooting switches in the up position. 
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Fig. 4. Response of the square-rooting circuit 
Required function Y = 2-1 VX. 


calculated values 


and adjusted to give the desired 
characteristic. ’ 


Experimental Results 

Experimental results together with calculated values are 
shown in Figs. 3 and 4. There is good agreement between 
experimental and theoretical values. 


Conclusions 

A simple method has been outlined for converting an 
element whose output is proportion to the n“ root (or n™ 
power) of the input to one which performs the inverse 
operation. The advantage of this method is that only two 
pentodes and a few standard components are necessary. 
An experimental system utilizing this principle has been 
described and experimental results given. The experimental 
results verify the reliability of the operation. 
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Analysis of the Common-Base Transistor 
Circuit 


By Francis Oakes*, M.Inst.E., A.M.Brit.L.R.E. 


A hybrid inverted x-network is chosen as the equivalent circuit for the grounded base transistor 

amplifier. This permits the derivation of simple equations for important circuit parameters, and 

provides useful concepts for understanding the interdependence of input and output circuits, 
stability criteria and other operating characteristics of this basic transistor circuit. 


f pra common base circuit is widely used in point contact 
transistor applications. Connected in this way, the tran- 
sistor exhibits negative input and output resistance 
characteristics under certain conditions and lends itself to 
oscillator and switching applications. On the other hand, 
circuit components can be chosen so that the transistor 
functions as a stable amplifier. 

A number of descriptions of the common base circuit 
have been published' containing T-derived equivalent 
circuits and, based on these, derivations of stability criteria, 
input and output resistance etc. Other treatments are based 
on matrix representation of the transistor circuit and the 


3 
ww 








Fig. 1. Common-base transistor 


Fig. 2. T-derived equivalent circuit 
circuit 


for the common-base transistor 
circuit 

r. = emitter resistance, r, = 

collector resistance, r, = base 

resistance, r,, = mutual resist- 
ance 
same expressions result from a purely algebraic approach. 
While such methods are quite suitable for deriving formule, 
they do not lend themselves readily for assessment of para- 
meter influence on circuit behaviour, nor are they very 
conducive to understanding the operation of transistor 
circuits. It is the purpose of this article to present an alter- 
native method, designed to characterize the behaviour of 
the circuit, and to aid in assessing the factors influencing the 
operation of transistor oscillators.and amplifiers. 

With the base of the transistor grounded, and the input 
applied to the emitter, a circuit is obtained as shown in 
Fig. 1. It can be demonstrated that the action of a tran- 
sistor, so far as its small signal behaviour is concerned, is 
characterized by an equivalent circuit consisting of three 
impedances (these are resistive at low frequencies) plus a 
constant voltage source as shown in Fig. 2. The arrows are 
used to define the positive direction of current flow. These 
directions are, of course, arbitrary, and it is merely a con- 
vention to define the direction of current flow into the 
network as positive. 

Although this equivalent circuit is used quite widely in the 
literature, and was chosen as the basis of analysis in the 
references quoted, it is quite easy to see that the equivalent 
circuit shown in Fig. 2 is not a very practical one. For 
instance, a, the current gain, does not appear as a para- 
meter, in spite of being one of the most important charac- 
teristics of the transistor. Furthermore, measurement of 
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voltages currents, admittances or transfer ratios for 
instance, will not yield the four parameters directly, and 
further calculations will be required. For example, the 
parameter re would have to be found by the measurement 
of the input resistance re + rv, and measurement of the 
feedback resistance ry, and subsequent subtraction of the 
latter from the former. 

Thus, it is preferable for many applications to describe 
a transistor in terms of directly measurable parameters such 
as the input and output resistance (impedance or 


admittance), the current gain Fe 
and the feedback ratio, | | 
1 

a % 

“ah | | 


instead of the four resist- 
ances of Fig. 2. Taking this 
into account, a more suit- 
able equivalent circuit is 
gradually coming into use’. 
Fig. 3. Inverted 77-derived equiva- 
lent circuit for the common-base 
transistor circuit 
Typical values: r = 1009, s 
20k, a = 2, y = 00 





This circuit is the in- 
vertedz equivalent circuit. A 
version of this circuit, which 
is shown in Fig. 3, is used as 
the basis for analysis of the common base circuit. As can 
be seen from the illustration, it contains two resistances 
(which become reactive at higher frequencies) and two 
sources, one of them a constant voltage, the other a constant 
current generator. 

For most junction transistors using grounded base and 
input emitter connexions, the input conductance is so great 
and the output resistance so high that the input voltage and 
the output current cannot be controlled easily. But even 
with point contact transistors, where they can be controlled, 
it is advantageous not to choose them as the controlled 
variables. The remaining variables, namely input current 
and output voltage, on the other hand, are very suitable 
to be chosen as controllable for test or design purposes. 
The equivalent circuit shown in Fig. 3 takes this into 
account and it is seen that the sources included are charac- 
terized by i. and v., ie. by those parameters which are 
easily contrclled. Furthermore, the parameters used for this 
circuit, namely r, s, a, y, are much more characteristic of 
transistor action than those of Fig. 2, and lend themselves 
readily for direct measurement. 


It can be seen from Fig. 3, by inspection that: 

r—is the input resistance for shorted output. 

y—is the ratio of input to output voltage for open- 
circuit input terminals. 

s—is the output resistance for open-circuit input 
terminals. 

a—is the negative ratio of output to input current for 

shorted output. 
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The above statements define the parameters in the same 
way as does the equivalent circuit. 

It is important to realize that in the output circuit, the 
constant current generator —ai, is the “ active’ parameter. 
In the input circuit, the constant voltage generator yv. 
merely represents a feedback voltage. The parameter r 
on the other hand, can become “ active ” in those transistors 
where it assumes a negative value of resistance. 

The equivalent T and equivalent inverted z circuits and 
their parameters can be correlated by inspection of Figs. 2 
and 3. Since they are equivalent to each other, the input 
and output voltages must be the same under equal external 
conditions. This offers easy means for finding the required 
correlations. For open-circuit output and unity input current 
the following equations are obtained: 

Vo = In + I'm 

Ve = Ip + Pe 
but also: 

WE SNS a eek Mea oe ete ee Ae Sa ee (3) 


a er eee Pre er (4) 
Similarly, for open-circuit input and unity output current: 


5c TR as 7: ead eR ER 7 Se amr RE (5) 

Wea Tire ha ce ee he Lee (6) 
but also: 

ces ip eer maiten tsa acsely dad ts ou caine (7) 

WARE ils hidareasya aetete (8) 


Equating (1) and (3), (2) and (4), (5) and (7), (6) and (8) 
four equations are obtained: 





FG EA OIE sy he ea Sees areca (9) 
ies Bi! She la 1 ea Seep (10) 
eee oy oR A Le (11) 
rb th ik RRERER RE CTT (12) 
and from the last four equations, the following are 

obtained : 
Ge PR occ Kia eins cn bk ees (13) 
hk Back. PERRET Oe (14) 
Vi EP ik tae (15) 
eR ss hee s cee (16) 
rare— nant) =n—n( Pte - I ) (17) 

Pech. F 
a 
agro Fittest es eees (18) 
ro + Tm 

as eee Ca PRIS bik eed, (19) 
6 Sea De sa deck emad Segoe (20) 


In this way, each set of four parameters can be calculated , 


in terms of the other set of four parameters. 

Equation (17) is of particular interest. It is well known 
that the main difference between junction and point contact 
transistors is that a cannot be greater than 1 for junction 
transistors. Thus, since r = re — rp (a — 1), it-follows that 
in a junction transistor r can never become negative, while 
for point contact transistors where a is of the order of 
about 2, r will become negative, especially where re is 
smaller than rp. 

An example is given below to illustrate the usefulness of 
the inverted-z circuit. The diagram is shown in Fig. 4(a) 
and the equivalent circuit in Fig. 4(b) gives values for the 
four parameters which are typical (for some types of point 
contact transistors). The transistor is fed from a constant 
voltage generator delivering 5mV in series with a generator 
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resistance of 1 00022. The output is terminated by a resist- 
ance of 20 000Q. By inspection of the emitter mesh 

0:005 = 900 ie + 0-01 ve 
by inspection of the collector mesh 
‘ Vo = ale X 10000 = 20 000 i. 
introducing this into the first equation 

0-005 = (900 + 0-01 x 20000) i. 

ve = 9ImV 

dependent variables 

A = 18 = voltage amplification 
Thus it is seen that the collector voltage appears as 91mV 
and a voltage amplification of 18 is obtained. It must be 
stressed, of course, that as with all other such representa- 
tions, this only holds for the small signal parameters at 
the particular operating point chosen. There is no difference 
in this respect between this and any other method such as 
use of matrices or the application of T derived equivalent 
circuits. 


‘S = 
KQ -1002 | | 
| 1 | 
I 1 & 
O} | ' 
I -2i a 
SmV | Too [| id 
L 


(a) (b) 


Fig. 4. Actual and equivalent circuit of transistor with generator and load 
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Fig. 6. Derivation of ,outpat 
resistance 
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Fig. 5. Derivation of input 
resistance 














Input and Output Resistances 

The general behaviour, and in particular the stability or 
instability of a transistor circuit is characterized largely by 
the input and output resistances Rin and Rout. The equiva- 
lent circuit offers a ready means for deriving the input and 
output resistances and for assessing their dependences on 
internal, as well as external circuit parameters. 

In the literature’, input and output resistances are usually 
presented in the following form, which is not very 
descriptive : 


ro(ro + rm) 
Re et te 
Ru + re + Mv 
ro(rv + Mm) 
Ria nt hi gee 
out co + b Ret i tt 


Better expressions for input and output resistances can 
be derived quite easily from the circuit of Fig. 3. Thus the 
input resistance is found as the ratio ve/i. with a load resist- 
ance Rx terminating the output. This is shown in Fig. 5. 
The equations can be written down by inspection. From 
the output mesh one obtains: 





Daves alter baci, eswehaes (24) 
where : 
Ris 
* = => - ee ee 24a 
Ri Ri||s oc (24a) 
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(The symbol Ri||s denotes the value of Rx and s in parallel). 
Similarly, from the input mesh: 
Ve = le + yWe = ier + ayieRi* ........ (25) 


introducing equation (24) into equation (25) one obtains 
from Rin = Ve/ien, 


Rin =r + ay Rie 38 BUR Sy (26) 

and defining 
R,** = ay Ri* oes as Mek we. tee « (26a) 
Cd de. re (26b) 


is obtained. 

Comparison of equation (21) which is the expression of 
Rin based on the T derived equivalent circuit with equation 
(26) above, for the inverted x derived equivalent circuit 
immediately shows the superiority of the latter. The input 
resistance here, consists of two simple terms; the short- 
circuit input resistance r plus a feedback term. The fed- 
back term is simply the product of the effective load resist- 
ance R,* multiplied by the current gain and the feedback 
ratio. This product is the “reflexion” of R* into the input 
circuit (very much like the reflexion of the secondary circuit 
into the primary circuit of a transformer; a and y can 
loosely be compared with the effects of turns ratio and 
coupling coefficient.) 

Equation (26) immediately provides a simple stability 
criterion, a, y, Ru* are always positive; r can be negative, 
and in that case, the circuit will bé unstable if: 


Se Re (27) 


With a point contact transistor r can be negative, and the 
transistor circuit will be then output short-circuit unstable. 
This follows from the fact that for shorted output, i.e. Ri = 
0, the input resistance will be reduced to r, i.e. become nega- 
tive. Such a transistor can be output open-circuit stable pro- 
vided the positive term is larger than the negative resistance 
r. 

A similar procedure leads to the derivation of the output 
resistance Rou. Based on Fig. 3, and for generator resist- 
ance Rg in the input circuit, the output resistance can be 
calculated as v./i. from Fig. 6. From the emitter mesh, 
since: 


Tes | ae aa aan ee (28) 
(eS ee ce Pe, | Le (29) 
therefore : 
a mo ee) (30) 
where : 
ae Se” oa s cokes esnee (30a) 
and from the collector. mesh: 
ic = Ve/S — ale = Ve/S + ayve/Ra* ...... (31) 
1/Rout = io/ Ve = 1/s + ay/Re* ........ (32) 


ay/Re* being input conductance reflected into the output 
circuit : 


seen wes ana Kah (33) 
Defining 
g = 1/s = open-circuit output conductance .. (34) 
in this way, 
Ge =1/Reand Ge* = 1/Ra* .... (35), (36) 
Gout = g + ay IGE 88s See Rew (37) 
The output resistance can then be represented by: 
1 4 
Rout = 1/s - ay/Ro* = s||(Ra*/ay) cee ee (38) 
defining 
Ra** = Re*/ay Per eee ee Te ee (38a) 
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one obtains: 

sRg** 
S+ Ra** 
and it is seen that instability will occur for a negative output 
resistance, i.e. if: 


Rout = = s||Ra* Ek ee (39) 


ee <r cae | PAP eae A arg (40) 


This indicates the way in which the negative resistance 
component Rq** is reflected into the collector mesh from 
the emitter mesh. Thus, the equivalent circuit and the 
formule derived, give a good picture of the interdependence 
of input and output mesh. In particular, it can be seen 
that the negative resistance r is directly responsible for the 
negative resistance input characteristics. The behaviour of 
the collector mesh is largely determined by the current 
amplification factor a. The constant voltage source in the 
emitter mesh gives an indication of the feedback voltage 
reflected into the emitter mesh from the output circuit. 
The expression for open-circuit output condition follows 
directly by introducing Ri = ©© into equation (26). 

Rin 0 OYS oii oc bie oe Seas (41) 
and it can be seen immediately that for the example of 
Fig. 4: 

Rin = —100 + 2 x 0-01 x 20000 = +3000 


This means that the circuit of the example is stable with 
the output open-circuit. It is equally effective to use the 
output resistance as a criterion. Thus, for a generator with 
Re = &, by use of equations (30a), (38a) and (39) one 
obtains: 

Rout = s(Rq*/ ay) 


and since Rg* = & (constant current generator): 
Rout = s||(Ra* /ay) melee: Sw dare (42) 


For the example: 
Roat = +20 0000 


On the other hand, if the collector terminal is shorted 
to ground, the input condition is: 


Me Paes oS tau adorn (43) 


and since, in this case, r is negative, the circuit becomes 
unstable. Somewhere between the condition of shorted and 
open collector circuit, which are unstable and stable respec- 
tively, there lies a critical condition for which the input 
resistance becomes zero, thus: 


Rn = O0=7r + ayRx* ........ ... (44) 
crit 
and for our example: 
20 000 Ri 
= - 2 i = 67D 
0 100 + 002 50 0002. R, 


This shows that with a load of 6 700 or less, the tran- 
sistor circuit becomes unstable, if fed from a generator 
possessing no internal resistance. A small generator resist- 
ance, however, will ensure stability for the example with a 
6 700 load. This illustrates once more the interdependence 
of input and output circuits. The result shows that an 
external load of 6 7002 would bring the circuit to the verge 
of instability with a constant voltage source feeding the 
emitter. 

Equation (42) shows that the circuit is always stable 
when it is fed from a constant current generator. 


The voltage amplification can be calculated from: 
A = Ve/ Va 
where vq = generator voltage. 
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Assuming unity emitter current, this gives: 


1 
* ue a ao 

ame Ra* .. (45) 

+ Y 


4* Geecak ae 
ONL 
and for the example, with Ri = 20kQ, 

Rae* = 900, Ri* = 10000 


1 
Se = 18 
* 900/20 000 + 1/100 
the voltage amplification appears as A = 18, which, of 
course, is the same as from the previous calculation. 
The expressions can now be tabulated for the input and 
output resistances under the various conditions. 


TABLE | 





Input resistance with Ry from collector to ground 
Rin =r+ ay(s||Rz) 

Input resistance with collector open circuit ......... 
Rin =r + ays 


o 
Input resistance with collector shorted to ground 
m=f 
0 


Output resistance with generator possessing an internal 
repistance Ria ...0.cse.cs Ae rts PM Sd tone alin, 


Rout = s|| Ra 7 
Rc 














ay 
Output resistance for a perfect constant current generator, 
1.€., Re = © 
Rout =S§ 
Output resistance for a perfect constant voltage generator, 
1.0,, Ke = 6 
Rout =S f 
° | ay 








Table 1 in connexion with the inverted z equivalent 
circuit gives a clear picture of important aspects of circuit 
behaviour. It is seen that the input resistance appears as a 
negative resistance in series with a resistance reflected from 
the collector mesh into the input circuit. This reflected 
resistance is proportional to the internal collector shunt 
resistance s in parallel with the load Ry. The factor ay 
describes the exact amount by which this parallel com- 
bination is reduced. In the limiting cases Rin and Rin 


ri 
which are the input resistances for open and shorted out- 
put the reflected resistance becomes s and zero respectively. 
A similar mechanism applies to the output resistance. Here, 
the internal shunt resistance s in parallel with a reflected 
series combination of the negative resistance r and the 
generator resistance Ra, i.e. Ra + r = Ra* divided by the 


reflexion factor. Ra* divided by the reflexion factor is, , 


as it were, a resistance value reflected into the collector 
mesh from the emitter mesh. The limiting cases here are 
those where the generator internal resistances are infinity 
and zero respectively. In the first case the reflected resist- 
ance vanishes and one obtains s in parallel with an infinite 
Tesistance, i.e. s. In the other case, the output resistance 
becomes a parallel combination of r divided by the 
Teflexion factor, with s. 


Common Base Circuit With Additional External Base 
Resistance 
Figs. 7 and 8 show a transistor circuit and its equivalent 
circuits with the base resistance artificially augmented by 
insertion of a resistance R. This circuit is of considerable 
practical importance. The best way of analysing the opera- 
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tion of this circuit is to regard it simply as a circuit con- 
taining a transistor of modified characteristics, and 
subsequently to ignore the implicit inclusion of the inserted 
base resistance R, as shown in Fig. 8(c). 

For this purpose parameters r’, s’, a’, y’ can be defined 
as the equivalent parameters for the “equivalent tran- 
sistor”’. The value of these can be obtained from a com- 
bined application of the T and inverted = circuits. 

Making use of the definitions given for r, s, a, y and 
from equations (13) to (20): 

- r =Pre— (r+ R) (Co — I) 
=r+(a— Ilys — (ys + Ra - 1) 
=r+t (a — 1)ys — ys — R) 


pe Reta Oran ee vice teed es ee tet (46) 
Thus r’ <r, 7’ is more negative than r if a > 1. 
P rm+R ys +R 


Reeth eke 
1 


ssaetiictimeedaniviaias: cl 
1+(1—y)s/(ys+R)° @) 














Fig. 8. 
additional external base resistance 


1 
| 
| 
| (a) T-derived 
| 
| 
| 


Equivalent circuits for 


(b) Inverted qr-derived 
(c) ‘‘ Equivalent transistor ’’ 





Thus, y’> y, i.e. the feedback is increased. 
f=nt+R+er=yst(l-ys+R=s+R 
Thus: 


.. (48) 


Seah OR Re ert rer (49) 
oo (rp + R rn)/S 
= [ys + R + (a — y)s]/s 
y+ Ris+a-y 
a =at R/s, HOG wae ec eee (50) (51) 
The current gain has been increased. 
It is now possible to assess the effect of inserting addi- 
tional base resistances of various values. To illustrate this, 


it is assumed that base resistances of R = r and of R=s 
are inserted respectively. Bearing in mind that these two 
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are of widely different magnitude, a general picture can be 
obtained in this way. 








Assuming R = —r: 
r= r+ r(a — 1) — SO Pee Per eee Le Te (52 
/ = eae e — - ~¥ - Y~ y—-rl/s 
pene de eee (53) 
Pe a os Secon wwe sus (54) 
a =a + Ris=a — risa ......cceccccces (55) 
Assuming R = s: 
r =r—S(a —1)>=-—-Sfa-—1) ............. (56) 
oe 1 ~* 
0 "etapa eae aaa ane (57) 
ys +s 
PORE Bese GBs Cae Sind CRE Siva a MERE Sek (58) 
een ene eae era Ee ee eee kes (59) 


The results are summarized in Table 2. It must be borne 
in mind that these results are approximate, but for practical 
figures the errors incurred are of the order of about 
1 per cent. 














TABLE 2. 
| (APPROX) 
R (R= r R=s 

y i r— R(« — 1) ar — s(« — 1) 
; I | 

mee ri hee Rea 

“ys +R 
s’ | s+R | Ss 2s 
a’ a + R/s a } e+1 











On the basis of these approximate expressions, the input 
tesistance and output resistance for the various terminations 
can now be calculated. 


For R = —r the following approximations result : 


Rin( —n=r + a’y(s'||Ri) = ar + ap(RiI|s) .. (60) 
L 
Rio —n=r + a's’ = olf + ys) ........... (61) 
A Cee a hae ae ee eS (62 
oO 
Re | Ga a 

OT Ee 4 (63) 
Rc a’y ay 
Rout aL ait ee ee ere an ees (64) 

Rou(—r) = slr’ /a’y’ = s|(r/y) ...........45 (65) 
°o 


These results are very interesting. They show that if 
R = —r is introduced in the base lead, the input resistance 
{which is negative for many point contact transistors) is 
multiplied by a. Similarly for R = s: 


Rin(s) = r’ +0’y(s'||R1) = —s(a—1)+ = N) (Rx||2s) 
Ri é 
Se eheU ci Manns Gath (66) 
ee ; (a +1) 
Rix(s) = =’ +ays = —s(a—1) + mae 2s = 2s.. (67) 
ee eT iso ee oe bios 6a 6 (68) 
° 
Reuls) = y|Rexe = 2s [Re—#e— 0 = 
rel ay Ha + 1) 
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Z 
Py a+1  -: 6) 
:  -ee-O 
Rous) = s’ Se 2s TERE CTULAeER eee ah ee ee A ee (70) 
| 
— s(a— ee  . 7, 2 
Rout(s) = Il a’y’ ii Wee 1) l-—a l 
a+1 
= —S(a—1) .. (71) 


It is interesting to observe that with a resistance of value 
R = s introduced into the base load, the open-circuit input 
resistance and the open-circuit resistance are approximately 
equal to each other and amount to twice the internal 
collector shunt resistance. 

These results are summarized in Table 3. It is interesting 
to study the figures calculated by introduction of the 






































TABLE 3. 
 R=—r | R=s 
ety | | = 
APPROXIMATIONS 
f | 
Rin | r+aY(Ru\\s) | ar +a¥(RLI\s) | —s(a—1)+ aa (Rul2s) 
Rn | r+ ays a(r + Ys) 2s 
@ } 
| | 
Rin r - ar — s(a—1) 
” 
- | | 2 
Rout | » | Ro+r Ro+ar : a+] 
- lay | | wv. ) ea 
| 
Rout Ss | 7 | 2s 
ad | 
Rout | sil (r/a7) | s{l(r/7) | — s(a—1) 
° ! | 











numerical values of the example into the expressions for 
inserted base resistance R of 1000, which is of the same 
order as the transistor input resistance and of 200000, 
which is of the same order as the collector shunt resistance. 
An additional value, 10000 has been chosen to charac- 
terize an intermediate condition. The resulting values are 
tabulated in Table 3. (The simplest way of calculating 
these values is by determining the equivalent parameters 
r,s’, a’, y by use of Table 2, and to use the resulting 
values for introduction in the expressions of Table 1, 
instead of r, s, a, y.) 


Using the values of the example: 


r= —-100 Ri = 20k 

y= 001 Ra = 1000 

c—Z 

s= 20000 ay =0-02 = “reflexion factor” 


For R = 0 and from above and Tables 1 or 3: 


Rin = —100 + 0-02 x 10000 =1000 
ag ~100 + 0:02 x 20000 = 3000 
Rin = —1000 
Rat = 20KQI)(50 x 900) = 20k||45kO — 13 8002 
- s = 20kO 
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Rout = 20kQ|| — 100/0-02= 20k] — 5kQ = —6 7000 


For R = 100 Using Table 2: 
r = —2000 
7 = 1/100 + 100/202 = 0-015 a’ = 0-03 
a’ =2 
s’ = 20 0002 
The values for 7’ s’, a’, y’ can now be regarded as r, s, a, y 


of an “equivalent transistor.” By introducing the values 
above into the expressions listed in Table 1, one obtains: 


Ringo = —200 + 0:03 x 10000 = 1000 
20kQ 


RinGoo = —200 + 0:03 x 20000 = 4000 
— 2002 


Ring) => 
oO 
Rout(soo) = 20 000]|(800 x 33) = 11 4000 
1000 
Rout(o0) = 20 0000 
Reuicsoo) = 20 000||(— 200 x 33) = 20 000||(—6 700) 


= —100000 
R=1000 Using Table 2: 
r’ = —100 — 100002 — 1) = -—1 1000 
y= u(1 + so tas) = 0:057 
s = 20kQ + 1kQN = 210000 
a’ = a + 1000/20 000 = 2:05 
a’y’ = 0-117 
And using Table 


RinG ooo) a 
20kQ 


v4 


— 


~1 100 + 0-117(20 000)|21 000) = 1000 
~1100 + 0-117 x 21.000 = 1 3600 


stable operation with output open circuit. 
Ring ooo) = —1 1000 
unstable with output short circuit. 
RoutG ooo) = 21k|| — 1100/0117 = —9000 
1000 
short circuit unstable with 1 0000 generator. 
Routcoo0) = 21 0002 


stable with constant current generator. 
Routioo9) = 21 000||— 1 100/0-117 = —17 0000 


0 


Rin ooo a 
x 


short circuit unstable with constant voltage 
generator. 
For R = 20000Q Using Table 2: 
r = —200000 
y = 0:5 
a’ = 3 
s’ = 4000002 
ay’ = 1-5 
And using Table 1: 
Rinisoouo) = —20000 + 3 x 0-5 x (40 .000)/20 000) 
20000 
= —20000 + 20000 = 0 
marginal instability 
Rinisooo) = —20000 + 3 x 0-5 x 40000 = 40 0002 
The circuit is stable with open output because the greatly 


increased feedback action exceeds the increase in negative 
effective emitter resistance 
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Rin(20 000) = 20 000 
Oo 


The circuit is very unstable with shorted output because 
there is no effective feedback action to balance the large 
negative value of 7’. 

\| 1 000 — 20 000 
Rout(200007 = 40 000 ! re 
1000 3x4 
= 40 000||(— 12 700) = —18 500 

A generator with 1 000 internal resistance feeding the 
transistor would cause instability with 20 000Q added base 
resistance. 


Rout(so 000) = 40 0002 


fo 3) 


Fed from a constant current generator, there is a good 
margin of stability. 
Ribiteicas = 40000 |e & kD 
o iL 1:5 
Fed from a constant voltage generator, the circuit is 
unstable. 


These results are tabulated in Table 4. 


























TABLE 4, 
PARAMETER | R=0 | R=100 | R=1000 | R=20000 
| 
r : 100 | —200 | —1100 |-20000 
¥ 0.01 0.015 0.057 0.5 
a’ Se IE 2.05 3 
s’ | 20000 | 20000 | 21 000 40 000 
| Rin(R) | 0 50 | —510 |—11 400 
” 6.7k ! 
ny & | Rin (R) 100 | 100 100 0 
pe< 20k | 
ZaB| Rin(R) 300 | 400 1360 | 40000 
n eo | 
a 
% ! Rin (R) —100 | 200 900 |—20 000 
oO 
| | aa 
| Rou) | 13800 | 11400 | 900 |—18 500 
= 3 | 000 | | 
BZ<| Rout(R) | 20000 | 20000 | 21000 | 40.000 
me | | 
ae | Rout (R) | —6 700 10 000 | 17.000 | -20 000 
°o } | 








Calculation of the power gain is also greatly simplified 
by use of the concepts established in the preceding para- 
graphs. It was mentioned that an analogy can be established 
between the transistor and a transformer; thus, the tran- 
sistor and its load can be represented in the two forms 





% 


ayR* 


o 








Fig. 9. Derivation of power and voltage gain 


shown in Fig. 9. The chief difference here is that the 
effective primary and secondary impedances appear in series 
rather than in parallel. The series combination of Ra + r 
being the effective generator circuit resistance R«* the 
effective emitter circuit resistance: 

e = Rg* + ay Ri* 
can be defined as the series combination of the effective 
generator circuit resistance and the reflected load resistance. 
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The generator current i, 


and power Pg can now be 
written down: 


is — vq/Re “oe, Pee eRe To ee ee 
UO UG ves wet onkoavaes (74) 


The available power Px in the load follows from the col- 
lector voltage vi; which is calculated below, in terms of i. 
and R1*: 


Whe EE ose kok a S@kinw ss (75) 
and from equation (44): 
Vo —ORy* valRe .. 25.52.5608 (76) 
from this: 
A = ve/Va@ 
A = —aR,*/R. = voltage amplification .... (77) 


an interesting expression, proportional to the current gain 
and the ratio of the effective collector shunt resistance R1* 
to the effective emitter circuit resistance. (This ratio is 
reminiscent of the step-up ratio of a transformer.) 


Thus: 


Ds ee heh viet ebos ay (78) 
and, breaking A down: 
Ri* —a 
A = -a R,*/R. = —-2——$$$$___ = —_______ 
pinanihd “Ro* + ayR.* Rq*/Ri* + ay 
eee eeeh wae (78a) 


And the power developed in the load is: 
P, = ve" / Rt = (—avR,*/R.)?/Ri = 
A’vq?/Rz .. (79) 


Industrial Television For British Electricity Authority 


For many years past, two major problems have confronted 
boiler-room engineers; one was the virtual impossibility of 
knowing exactly what was going on inside the furnace itself; 
the other, how best to effect a constant supervision of the 
boiler water-level. Many devices have been tested to overcome 
these difficulties. Now, after exhaustive trials, Marconi’s Wire- 
less Telegraph Co., Ltd., have introduced an industrial television 
equipment which should prove a great asset to the combustion 
engineer, and eight such equipments are accordingly to be 
installed at the B.E.A.’s new power station, Willington “A” 
in Derbyshire. 

The fuel used for heating the boilers is pulverised coal, 
which is jet-injected into the furnace with the air stream and is 
ignited by pilot oil-burners, the latter being extinguished as 
soon as full combustion has taken place. In such an opera- 
tion, it is vital to ascertain that the fuel has fully ignited, as 
a firing failure, if unobserved, could result in a serious explosion. 

Hitherto, observation has had to be maintained through 
inspection ports in the wall of the furnace, a procedure which 
makes supervision difficult in modern stations where control is 
exercised from a point which may not be immediately adjacent 
to the boiler. Experiments were carried out with a Marconi 
industrial t.v. camera, fitted with a special air-and-water-cooled 
lens, and installed in the explosion door aperture at the base 
of the boiler. The television control unit and monitors were 
placed at a convenient point alongside the combined boiler 
and turbine control panel. 

The experiment was successful, the B.E.A. engineers being 
able to follow, at the control panel, all phases of the boiler 
ignition procedure and to detect conditions of imperfect com- 
bustion within the area under observation. 

The second experiment concerned the relatively straightfor- 
ward operation of monitoring the boiler water-level gauge. 
For mechanical reasons, this gauge is normally located high up, 
near the top of the boiler, but in spite of this a constant watch 
has to be maintained upon it. 

The camera, for the experiment, was fixed at a strategic point, 
televising the image of the water-gauge to the monitors at the 
boiler and turbine control panel. 
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The power gain is defined by: 
Gp = P,/Pe 
P;—Power in the load 
Pg—Power delivered by the source, 
and from equations (74) and (79): 
ia = 
RivG"° 


The power amplification is therefore equal to the square 
of the voltage amplification times the ratio of effective 
emitter circuit resistance to the load resistance. 





Conclusion 

This analysis shows that the properties of the transistor 
common-base circuit are more complicated than that of a 
thermionic triode amplifier, even at low frequencies. This 
is due to the inter-dependence of emitter and collector 
circuits. It is, however, possible, by suitable choice of para- 
meters and by the application of suitable equivalent circuits, 
to obtain a good grasp of the mechanism involved and a 
number of formule better suited for practical circuit design 
than those usually quoted. 
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Submerged Repeaters For The Aberdeen-Bergen 
North Sea Cable 


The Aberdeen-Bergen submarine coaxial cable recently laid 
by H.M.T.S. Monarch between Scotland and Norway employs 
seven deep-sea repeaters laid at a maximum depth of 200 
fathoms. These repeaters were built*and tested in S.T.C.s new 
air-conditioned factory at North Woolwich which has been 
fully equipped with the latest test gear to enable a rigorous 
testing routine to be followed. Factory tested to withstand a 
water pressure of 5 tons/in?, these torpedo-shaped repeaters 
have special glands at both ends for the necessary coaxial 
cable connexions, and can withstand the full cable tension 
during laying. They can, therefore, be paid out and on to the 
sea bed as an integral part of the cable. 

The electrical design presents a number of novel features 
when compared with repeaters used with land coaxial cables. 
Like these, each is a three-stage amplifier with negative feed- 
back, but the same amplifier is arranged to serve both directions 
of transmission; one direction of transmission being catered 
for by a group of low frequencies and the other by a higher 
frequency group. Power supplies for all seven repeaters on the 
306-mile route are carried through the central conductor of the 
coaxial cable in the form of a constant direct current of 312mA 
fed in at the Scottish terminal at a voltage of about 1 000V. 

A by-pass capacitor across the repeater circuit is arranged to 
give a telegraph circuit which is independent of the amplifier 
path. 

Alarm and supervisory facilities associated with the repeaters 
include means of measuring the amplification up to the output 
of each repeater from the terminal stations. This is done by 
means of test frequencies for individual repeaters which are 
frequency-doubled after amplification and thus transmitted in 
the opposite direction back to the originating terminal station 
where they form a measure of the degree of amplification 
effected. 

Terminal equipment includes frequency translating equipment 
for 36 telephones circuits, ic. three groups of twelve circuits 
each occupying the frequency range 60 to 108kc/s. 
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Gain Measurements on Computing Amplifiers 


By A. B. Johnson*, B.Sc., A.M.Brit.1.R.E. 


Computing amplifiers used in d.c. analogue computors commonly have very high gain factors, 

tens of thousands to tens of millions, in order to achieve the “ virtual earth” necessary for accurate 

mathematical operations. Because the pass-band extends to zero frequency, special techniques are 
often necessary in the measurement of gain. 


HE internal gain of a computing amplifier determines 

the computing accuracy, output impedance and grid 
terminal impedance. It also affects the decay time-constant 
of a “ holding ” integrator. It is a simple matter to calculate 
the gain, but since large errors are likely, the results should 
be checked by measurement. 


To measure this gain is not easy since very often the 
amplifier cannot be operated without negative feedback. An 
amplifier with an internal gain of ~ 10° and a short-term 
drift of ImV (referred to input grid) might produce an out- 
put noise level of 100V which would probably overload the 
output stage before any test signal could be applied. 


Methods of measurement can be divided roughly into two 
classes : 


(a) Direct (1, 2, 3, below) 

Means are found to reduce the drift output without 
affecting the test signal. For the latter, the amplifier is 
effectively working without feedback. Since the drift is 
of zero or very low frequency, the test signal is prefer- 
ably a sinusoid of suitably higher frequency. 


(b) INDIRECT (4, 5, 6, 7, below) 
The drift output is small because of negative feed- 
back and the gain is deduced from some property of 

the experimental arrangement. 


The best method to use in any particular case depends 
upon the gain and drift and if these are both low enougn 
to permit the amplifier to be used without feedback, 
measurement is quite simple. In general, the higher the gain, 
the more difficult it is to make an accurate measurement. 
The difficulties introduced by drift depend upon the method 
used; in some cases it is a limiting factor, in others it is 
unimportant. 


Direct Methods 
(1) INTRODUCTION OF A.C. COUPLINGS 

The drift noise output on open loop can be reduced to a 
tolerable level if one or more direct couplings in the ampli- 
fier are temporarily replaced by a.c. couplings. For instance, 
the typical direct coupling in Fig. 1(a) can be altered to 
Fig. 1(b). 

The time-constant CR is chosen to be sufficiently large 
to pass the test signal without attenuation, while R is made 
large enough to produce negligible loading on the previous 
circuit. The bias voltage is adjusted to preserve the designed 
Operating conditions for the second stage. This method is 
inconvenient and cannot be used to take frequency response 


* Saunders Roe Ltd. 
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curves since the stray capacitances are considerably 


modified. 


(2) FEEDBACK AT D.C. ONLY 


Consider the simple differentiator in Fig. 2 
The resistor R provides 100 per cent feedback at d.c. The 


T18 OTs 


¢a) 


Fig. 1. Introduction of a.c. couplings 
Cc R 
eof ¢ 


Fig. 2. Feedback at d.c. 


of 


Fig. 3. Prevention of excessive phase shift at high frequencies 


transfer function is given by: 
e/a =-— PE 5... 
R + (A + 1) 1/pC 
or for sinusoids: 
’ —AR 
ti Tea + Tie 
and: 
—AR 
lelal = Te + DeCR 
Now if R > (A + 1)/C, |eo/ei| = —A. 
Hence, if for the test frequency, w, the capacitive react- 
ance is much smaller than R/(A +1), the amplifier behaves 
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as if there were no feedback at this frequency. For example, 
let A = 10°, R = 10°Q, w = 27. 10°, then C > 1-6uF. Quite 
accurate results will be obtained for C = 16 to 32uF, but 
note that the connexion shown in Fig. 2 may be inadmis- 
sible because of system instability. This depends upon the 
amplifier phase and gain characteristics. The circuit might 
have to be altered to Fig. 3, where the additional com- 
ponents prevent excessive phase shift at high frequencies. 
The results would in this case require slight modification. 
A more refined method is shown in Fig. 4. 


4 oe, 
eile | 




















Fig. 4, Development of Fig. 3 using twin-7 network 
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Fig. 5. Experimental set-up 


Fig. 6. Grid voltage method 
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Fig. 7. Experimental layout for Fig. 6 


The feedback network is still resistive and gives 100 per 
cent feedback at d.c., but the twin-7 configuration ensures 
that there is no test signal current fed back to the grid node. 
The value of C then can be considerably reduced. The 
experimental set-up would be as in Fig. 5. 

(3) Grip VOLTAGE 


Consider the arrangement in Fig. 6. 
We have: 


eo/e: = —R,./R, 
(error < | per cent for A > 200, R./R, = 1) 
and: 
€g = —e/A = 4.R,/A.R, 
Comparison of eg with e; will give A. 
The experimental layout is shown in Fig. 7. 
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This method is convenient and more suitable for taking 

frequency response curves than methods (1) and (2). 

(4) COMPUTATION ERROR 
Referring to Fig. 6: 

AR, 
R,+(A+1)R, 
If e.’/e, = m is measured and R./R, = k is known: 
m (k + 1) 

k—m 

The difficulty here is that kK — m is very small compared 
with m or k if A is large and it may not be possible to 
measure it sufficiently accurately. For instance, if A = 10°, 
k = 10°, then kK — m = 10. For 10 per cent accuracy in 
the estimate of A, k and m must be known to within 0-05 
per cent and therefore k should be made as large as the 


Co |e = R./R, = k = €o/ ei 


A= 


R, R2 


@; ee oe 


Ry 





Fig. 8. Grid terminal impedance 


Ri R2 


R, 
a 


Fig. 9. Modification of Fig. 8 


Rt 
W/V 














mie 06, 
A 


Fig. 10. Integrator decay time-constant 





drift will permit. This method is suitable only for values 
of A up to about 2 000. 


(5) Grip TERMINAL IMPEDANCE 
The circuit in Fig. 8 has a transfer function: 
AR, 
R,(1 + A) + Rz + (R,R,/R;) 
, —AR, 
(A + 1)R, + R,R./ Re 





Co / a= 


Now letting Rg = R,/A+1 gives: 
—AR, 
eli = 74+ DR, 
Thus by shunting the grid with a resistance equal to 
R,/ A +1 the output is reduced from — ei. R,/R, to half this 
value. If R, is adjusted until the output voltage falls to half 
and R, then measured we have: 


= —R,/2R, 
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Unfortunately the drift output in the case of the un- 
shunted grid is (1 + R./R,)d (where 4 is the drift referred to 
the input grid) and with the grid shunted the drift becomes 
—A/2.6. Thus the gain and drift jointly impose limita- 
tions on this method. However, by a simple modification 
this difficulty can be overcome. In Fig. 9, C has been added 
to eliminate the grid shunting effect at zero and very low 
frequencies, while its reactance is negligible compared with 
R, at the test frequency. 


(6) INTEGRATOR DECAY TIME-CONSTANT * 

If the capacitor of an integrating circuit (Fig. 10) is 
charged to a voltage E and the grid circuit is disconnected, 
the output voltage is a function of time: 

eo = E.e 4, 
where 7, is the leakage time-constant CR. 
Turning now to Fig. 11, where Rj, is assumed infinite and 
R, has been added: 








e = —-E.eti™ 
where JT, = ACRg. 
L% 
Ry 
- Oe, 
Fig. 11. Modification of Fig. 10 
R2 R2 
O : O ° => ‘ D 
(a) (b) 
Fig. 12. Output impedance 
2.’ 
A 
e,’ 
2 
@o=-e; — 
° Ry R 


Fig. 13. Equivalent circuit of Fig. 12(b) 


In the second case the decay is dependent upon A and if 
the time-constant can be evaluated experimentally A can be 
calculated from A = T,/CRg. 

Now in order to isolate the two decay effects due to 
Rt, Rg, the first should be estimated by finding T,, in the 
absence of Rg. Then a value of Rg should be chosen that 
AR, < Ri, and the effect due to Rx, can then be ignored. 

For a small change A in e., occurring in time t, AEt/T,. 
Hence A ~ @).t/CRz.A. 

This method is convenient and valid provided that the 
drift output, Ad(1 — e~*/7+) does not introduce serious error. 
In order that this should not be so we require Ad < E. So 
we see that this method is limited to amplifiers whose gain- 
drift products are a small fraction of their maximum output 
voltage excursions, in which case, of course, the gain can be 
measured directly in open loop. The advantage of this 
method is its simplicity. 


(7) OurpuT IMPEDANCE 
This parameter of the circuit shown in Fig. 12(a) is given 
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by: 


(Ri + R2)Zo 
R, + (A + IDR, 
where Z, is the output impedance of the amplifier output 
stage. 


If, as in Fig. 12(b) we shunt the output with a load Ro 
the equivalent circuit becomes as in Fig. 13. 


_ (Ri + RZ 


Von = 
AR, 





Now: 
Ro €o.Ro 
2 = —e,.R,/R, .=——- = - ——___ — 
‘ SON Zo + Ro ZAR, +R) p 
R,+(4+DR, 
Whence: 
R, ‘0. 
dine Malle an ins a Rs 
R, Co — Co 


Z. can be found with sufficient accuracy by calculation, 
though the results will be more accurate if Z, is increased 
artificially with an external resistance of known value. The 
value of Ro must not be too low as to cause overloading of 
the output stage and in fact Ro < Zo. eo/E — eo, where éo is 


c R2 


Zo 
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R. 


Fig. 14. Development of output impedance method 


the output voltage (at point A) in the absence of load Ro 
and E is the amplifier terminal maximum excursion. We 


have: 
4 * Ro | 
Co = eo = @o. ZAR, + R,) 


pentane Ry 
R, + (A+ DR, | 


and: 
E.Ro 
wie eS 
‘ ; ES Wik 
Go 6 = (9 + Dikn + 1) 
where n = Zo/Ro, k =a ~ ome 
For a given E, e) — eo is a maximum when k = n= 1. 


Pe. 7, ae 
°R,+ (A+ DR, 
The last equation implies that R, >(A + 1)R, and the 
drift output will approach the value Ad. Thus for the 

method to succeed we must have Ad < E/4. 

This restriction may be removed by using an a.c. signal 
as in Fig. 14. The effective value of k is nearly unity for 
the signal and very small for the drift. The reactance of 
C to the test signal frequency is <R,(A + 1). As in Fig. 
4, R, may, with advantage, be replaced by a rejector net- 
work tuned to the test frequency. 


Then e — @& = E, Ro = 
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An Approximate Treatment 


of Cascaded Four-Terminal Networks 


By H. L. Armstrong* 


An approximate expression is derived for the n‘ power of a2 x°2 matrix. The result is used in 
an approximate treatment of a ladder network used as a filter. 


HEN three (or four) terminal networks are repre- 

sented by their transmission matrices 0, which express 
the relation between voltages and currents at the two ends 
of the network through: 


4 eo a ee 


the network formed by cascading such sections has a 
matrix which is the product of the matrices of the 
individual sections. In particular, if n identical sections 
are cascaded, the matrix of the resulting network is the 
n' power of the matrix of one section’. 

Even with the condensed expressions which have been 





Fig. 1. Diagram of the L-section used as an example 


given*®*, the power of the matrix is still rather complicated. 
It is the present purpose to develop approximate expres- 
sions for the n™ power of such a matrix. The illustrations 
will deal with a ladder network, i.e., a cascade of L- 
sections, but the methods developed are equally applicable 
to other types of section. The L-section has shunt admit- 
tance Y/n, and series impedance Z/n, so that Y is the total 
admittance in the network, and Z the total impedance. 
The treatment is based on the two relations: 

(1 + x/ny ~ e® e~*/20 “(|x/n| <1) ........ (2) 

and 


aes Se ae 3) 

= era eA(A,/ A) eA,(A,/ A)j +++. (3) 

A being a 2 x 2 matrix, / the unit matrix of order 2, and 

A, and A, the Eigen values of A (A,~A.). Note that (2) 

is true for matrices, as well as for numbers. These relations 
are established in Appendices 1 and 2, respectively. 

It is convenient to use the alteration matrix A, defined 


by: 
a,,/n agi ome im 
1/n (A) -|*". es le =@-f= ae wer Be (4) 
since from equation (2): 
6° = (1 + A/npP seA e~A7/2n |... (5) 





* Pacific Semiconductors Inc. U.S.A. 
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For the L-section considered: 


YZ/n ‘] 
A =|, ye (6) 


For n large (the network divided into many sections) the 
term YZ/n will be neglected. Then: 


Y 0 
and equation (3) gives: 
0 Zz m cosh V(YZ) V(Z/Y)sinh V(¥Z) 
Y if “d oes sinh V(YZ) cosh ee 
Siisuasukiney a aeas (7) 


But the matrix obtained is just that of a transmission 
line, to which the network reduces as the number of sec- 
tions into which it is divided becomes larger and larger. 
It has been shown before® how a ladder or similar network 
reduces to a transmission line as the number cf subdivi- 
sions becomes infinite, but the above treatment is believed 
to have some novelty. It is also interesting to notice that, 
if Y and Z are the admittance and impedance per unit 
length, the transmission line equations can be written®: 


d < ph, 4 
id bo & =O... & 


i.e., the transmission line behaviour is merely the law of 
natural growth, but in terms of matrices rather than 
numbers. 

The present purpose, however, is to carry the approxima- 


0 Z 
AS also A, = V(YZ), A. = —V(YZ) 


6° = exp 


tion beyond that obtained in equation (7). From equation’ | 


(6): 
V¥Z/2n-—Y Z [20° Z— ‘cig 
Y—Y?Z/2n? —YZ/2n 


| YZ/2n Z-—YZ?/2n’? | 
¥=F°Z/28 =VYZl/2nj °° 9) 
If powers of 1/n higher than the second are neglected. 
The Eigen values of the approximate expression for 
A — A*/2n are: 

A, = V(YZ—3Y°Z?/4n’), A, = — V(YZ—3Y?Z?/4n’) 

ee eee (10) 

Again powers of 1/n higher than the second are neglected. 
When these values and the approximation to A — A?/2n 
are put in equation (3) the result is: 

6° = exp(A — A?/2n) =I cosh V(YZ — 3Y?Z?/4n?) + 

A — A?/2n 

V(YZ — 3Y?*Z?/4n’) 


A - arr2n =[ 





+ sinh V(YZ — 3¥?Z?/4n’) 
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= | cosnt + 1/20 /( yz rans) smb? al (+) va 


Y\1-YzZ/j~w" 
v( Zz ]V(-—3YZ/4n") sinhQ coshQ —1/2n (i 





with the notation Q = V(YZ — 3Y°Z*/4n’) 
As n> equation (11) reduces to equation (7), as it 
should. 

As an example, let Y = jwC and Z = jwL. Let the net- 
work be connected between a generator of internal imped- 
ance Ro = V(L/C) and internal voltage V., and a load 
resistance Ry = Ro, across which a voltage V1, is developed. 
Then, in terms of elements of 6": 








1 
Vila o = eae s(42 
ul Vo= G+ RAO + Oe/Ro + Oa,” 1 
in this case this gives: 
1 
VilVo= 1 ¥Z/2n os 3 (43) 


2coshQ + 2 





inhQO 
VG=3¥Z/4n') sinho 





1-—YZ/2n’? APPENDIX 2 
—————- sinh 
—3YZ/4n’*) (11) Consider a _ polynomial 
Pos pee P(A) of a 2 x 2 matrix 
—3YZ/4n’? A, with Eigen values A, 
Be Ree eta nima aoe ebesiatee and de GO. A) oom 
by: 
PGA 6D TIRI AY ov ccosss vce (15) 
k=0 
By Sylvester’s theorem’ : 
P,,(A) = => {Pa A, [-— A) - - Pals I-A) (17) 
P,,(A) indicates the corresponding scalar polynomial. 
Also, by definition: 
io) 
ee = Lt ae? | Sener ae (18) 
Now: 
oO 
~ Hebd SAAT ion 0's (19) 
k=m+1 


When absolute values are taken: 


[Vu Vol=1/2 af 1 +(o*LC/4n*)( 


1 +w°LC/n? 
1+3w°LC/4n? 














Fig. 2 shows this ratio, plotted against w/wo, 
(wo = 2n/ V(LC)), for n = 10, i.e., for a network with total 
05+ 
044 | 
| 
f y 
0:34 \) aly 
SE eee il 1 | 
on 1 
oz wal aH 
n=10 : if 
0.14 value according to equation (14) "4 
ectee: Ce: --S=<-— v 
Ol O02 03 O04 05 O6 OF O8 O9 10 
0/w, 


Fig. 2. The ratio | Vi/Vo| compared with the actual value of | Vi/Vo| for 
a network of 10 sections plotted against the ‘‘aormalized frequency” (w/Wwo 


inductance L and capacitance C, divid2d into 10 sections. 
The approximation is seen to be gocd for values of w up 
to about w,/2. 


Conclusions 


An approximate expression for the n™ power of 2 x 2 
matrix has been derived. This expression has been used ir. 
an approximation to the actual behaviour of a filter net- 
work. Other circuits could be treated similarly. 


APPENDIX | 
Since In(1 + x/n) =x/n —x?/2n? + .... 
(1+x/n)?=exp[n In(1+x/n)] =~ 
= exp(x —x?/2n) = e* exp(—x?/2n) 

Dare ee (15) 
This approximation is true for |x/n| <1, and for values a 
little less than one, the agreement is quite good. For any 
x, the approximation becomes better and better as n 
increases, becoming perfect as n—>0o. In this sense, the 
approximation is better than that obtained by using the 
first two or three terms of a binomial expansion. In this 
case, the error approaches a value independent of n, as 
n>, 
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)sitoveacy vir430%2c [40°]. (1) to the 





Let a. be an upper bound 
elements of A. 
Then 2"-'a," is an upper 
bound to the elements of 
A", as is obviously (2ay)". Also since (m + k)! > (m!) 
(k!), every element in the matrices in the summation in 
equation (19) is dominated by the corresponding element 


of the series: 
fea) 
(2ay)* 4 i 
melt ado (20) 
=0 


But each element in the matrix represented by this sum is 
just e78"(2a,)™*'/(m + 1)! which approaches zero as m 
approaches infinity. 


Accordingly : 





Cay 
(m + 1)! 
k 





Eee Ot) | oe re (21) 
m—> 


and this in equation (16) gives: 





eA — — X {ena I — A) — e\x(A, 1] — A)} (22) 
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Pegasus — A New Computor 


Ferranti Ltd., have recently announced “ Pegasus,” the 
Ferranti Packaged Computor No. |. This is a medium-sized 
general-purpose machine suitabie for carrying out the type of 
calculations which arise in industry, research and management. 
The complete computor is built up from a range of standard zed 
plug-in units. 

Input is by means of punched paper tape at a maximum 
speed of 200 characters/second and the output punched tape 
at 15 characters/second or by automatic typewriter. 

Nickel delay lines are used for the computing store and a 
magnetic drum for the main store. 
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Notes from 


North America 


IRE News 


At the January meeting of the Board of Directors of the 
Institute of Radio Engineers, the following were appointed 
to the Board for 1955: 
W. R. G. Baker—Treasurer (Vice-President of Electronics, 
General Electric Company) 

H. Pratt—Secretary 

J. R. Pierce—Editor (Director of Electronics Research, 
Bell Telephone Laboratories) 

A. N. Goldsmith—Editor Emeritus of the IRE 

A. V. Loughren (Director of Research, Hazeltine 
Corporation) 

H. Vollum (President, Tektronix, Inc.) 

The 1955 IRE National Convention is to be held from 
21-24 March in New York City. There will be 55 technical 
sessions, including two special symposia on “ Magnetic 
Recording for the Engineer” and “ Trends in Automatiza- 
tion of Procedures and Processes in Business and Industry ”. 
There will also be a Radio Engineering Show containing 
some 700 exhibits. 


Versatile Induction Heater 


The Westinghouse Electric Corporation of Baltimore 
has recently supplied a versatile induction heating equip- 
ment to an American manufacturer of agricultural machinery 
for the hardening shafts and gears. 

The equipment, shown in the illustration, consists of two 
50kW, 450kc/s generators with work tables, water cooling 
system and auxiliaries. 

Each of the work tables holds two rotating lift spindles 
which are manually loaded and used for the hardening of 
small shafts and other cylindrical components. If required, 
the components can be selectively hardened to enable sub- 
sequent drilling operations to be carried out in adjacent 
unhardened areas. Under these conditions the output varies 
from 120 to 300 components an hour depending on the size 
of the component. 

The generators can be paralleled for the heat treatment of 
the larger items such as gears. 

For this operation, the centre station shown in the illustra- 
tion is used and the cycle is as follows: 

1. Preheat treatment up to 50kW for about 15 seconds. 
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2. Air cooling or soaking for about 10 seconds. 
3. High power heat treatment at full output of 100kW 
for 7-10 seconds for contour or surface hardening. 
With this sequence of operation the output is 120 gears an 
hour. 


New Valves 

Three new valves, types 5U4-GB, 6AF4-A, 6CG7, have 
been announced by the Tube Division of the Radio Cor- 
poration of America, Harrison, New Jersey. 

The 5U4-GB is a full-wave vacuum rectifier of the glass- 
octal type intended for use in the power supplies of tele- 
vision receivers and in radio equipment having high d.c. 
requirements. 


In comparison with the 5U4-G, the new 5U4-GB has the 
same maximum voltage ratings but higher current ratings. 
The 5U4-GB is rated to withstand a peak anode current of 
1‘0A per anode, a value 48 per cent higher than for the 
5U4-G. For the same applied alternating voltage, the 
5U4-GB can deliver a d.c. output current approximately 
22 per cent higher with capacitor-input circuits, and 28 
per cent higher with choke-input circuits. 


The 6AF4-A is a 7-pin miniature triode designed 
especially for use as an oscillator in tuners of u.h.f. tele- 
vision receivers covering the range from 470 to 890Mc/s. 
It is similar to the 6AF4, but is in shorter to permit more 
compact tuner designs. 

Like the 6AF4, the 6AF4-A has good frequency stability 
and features a small mount structure with small elements 
to provide low interelectrode capacitances; short internal 
leads to reduce lead inductance and resistance; silver-plated 
base pins to minimize losses caused by skin effect at the 
ultra-high frequencies; and double base-pin connexions for 
both anode and grid. The double connexions are arranged 
so as to facilitate use of the 6AF4-A with either series or 
parallel resonant lines and to offer greater flexibility in 
circuit connexions. 


The 6CG7 is a 9-pin miniature version of the 6SN7-GT 
and is intended for use particularly as a vertical deflexion 
oscillator:and horizontal deflexion oscillator in television 
receivers. This type is designed with a 600mA heater 
having a controlled warm-up time to ensure dependable 
performance in television receivers employing a single 
series-connected heater chain. 

Design features of the 6CG7 include a structure which 
permits cool operation of the grids with the result that 
emission from them is minimized. The structure also 
incorporates an internal shield which provides effective 
shielding between the triode units to prevent electrical 
coupling between them. 

The 6CG7 may also be used as a phase invertor, multi- 
vibrator, synchronizing separator and amplifier, and 
resistance-coupled amplifier. 


Webster Chair of Electrical Engineering 


Dr. Robert A. Ramey, Jr., Manager of the Magnetic 
Development Section of the Materials Engineering Depart- 
ment of the Westinghouse Electric Corporation (Pittsburgh), 
has been appointed Visiting Webster Professor of Electrical 
Engineering at the Massachusetts Institute of Technology 
for the second semester of the current academic year. 
Dr. Ramey will participate in the development of .teach- 
ing and research in the new area of solid state non-linear 
devices and their applications to power modulators. 
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Short News Items 


The Radio Industry Council announces 
the award of premiums of 25 guineas 
each for articles published in the public 
technical press during 1954 as follows: 

Two Premiums for the three articles: 

“LEO Lyons’ Electronic Office,” by 
J. M. M. Pinkerton and E. J. Kaye 
(Electronic Engineering, July, 1954). 

“LEO Operation and Maintenance,” 
by E. H. Lenaerts (Electronic Engineer- 
ing, August, 1954). 

“LEO A Checking Device for Punched 
Data Tapes,” by E. J. Kaye and G. R. 
Gibbs (Electronic Engineering, Septem- 
ber, 1954). 

One Premium for author of the two 
articies : 

“Wide-Band I, F. Amplifiers,” by H. S 
Jewitt (Wireless World, February, 1954). 

“Feedback I. F. Amplifier for Tele- 
vision,” by H. S. Jewitt (Wireless World, 
December, 1954). 

One Premium for author of the two 
articles : 

“High-Speed Magnetic Amplifiers,” by 
A. E. Maine (Electronic Engineering, 


May, 1954). 
“Three-Phase High-Speed Magnetic 
Amplifiers,” by A. E. Maine (Electronic 


Engineering, December, 1954). 
One Premium for: 


“A Torquemeter for Testing Gas Tur- 
bine Components,” by J. F. Field and 

. H. Towns (Electronic Engineering, 
November and December, 1954). 


One Premium for: 

“Dip-Soldered Chassis Production,” 
by W. R. Cass and R. . Hadfield 
(Wireless World, November, 1954). 


The presentation of the awards will 
take place at a luncheon to be held by 
the Public Relations Committee of the 
Radio Industry Council on Thursday, 
10 March, 


The Mullard Company have opened a 
new Electronics Display Centre at their 
Publicity Offices in Gerrard Place, Lon- 
don, W.1. In this Centre, the Mullard 
Products are displayed and explained in 
a comprehensive way. An attempt has 
been made to provide a setting in har- 
mony with electronic products and their 
fields of application. The showroom is 
on two floors. On the first, examples 
from each group of the company’s pro- 
ducts are arranged in separately illumin- 
able panels, and coloured wall maps 
show the ramifications of the Mullard 
Company at home and overseas. Cur- 
rent Mullard literature is also on dis- 
play. On the lower floor twenty-seven 
panels are used to display more Mullard 
products. Also on this floor are housed 
larger exhibits which are featured from 
time to time in connexion with a 
planned programme of exhibitions and 
live demonstrations. In the same build- 
ing there is a cinema and conference 
Toom. Visits to this showroom will be 
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encouraged by the Mullard Company. 
These will extend to parties from educa- 
tion establishments, students, apprentices 
and trainees, business contacts of the 
various company divisions, Government 
Departments, the radio industry and 
trade, etc. 


The General Electric Co., Ltd., have 
introduced a new method of training boys 
leaving public and grammar schools to 
become professional engineers capable of 
filling responsible engineering, administra- 
tive and sales positions in industry. It 
is operated by the Company in conjunc- 
tion with the Birmingham College of 
Technology. In future, all boys in this 
category who are selected by the Com- 
pany for training will, on leaving school 
at the age of eighteen, be given a five- 
year course, in which full time sessions 
of six months at the College of Techno- 
logy will alternate with six month 
periods of industrial training in the Com- 
pany’s works. During the whole of the 
five-year course, the Company pays a 
student’s college fees and also gives him 
suitable remuneration to cover living 
expenses. Two country houses in the 
Midlands, Castle Bromwich Hall, near 
Birmingham, and Coombe Abbey, near 
Coventry, are used by the Company as 
Halls of Residence. 


Marconi’s to Supply Radio Beacons. In 
compliance with regulations laid down 
at the 1951 Conference for the Reorgani- 
zation of Maritime Radio Beacons, the 
Portuguese Lighthouse Department are 
to duplicate their existing radio beacons. 
To this end they have now placed an 
order with Marconi’s Wireless Telegraph 
Co. Ltd., for four duplicate equipments 
of the latest design. Radio beacons are 
in many respects equivalent to light- 
houses, but instead of a team of light 
they transmit wireless signals from which 
vessels with direction-finding equipment 
can obtain their bearings. Their advan- 
tage over coastal warning lights is that 
they are unaffected by fog. 


Baird & Tatlock Ltd. have recently 
opened new offices and showrooms in 
Manchester covering a complete range 
of scientific instruments, apparatus, 
laboratory fittings and chemicals, The 
Manchester office will be able to deal 
directly with orders from laboratories in 
the North of England and, in general, 
provide many of the facilities previously 
only available in London. The manager 
of the new branch will te Mr. A. E. 
Hobson and the address is 58 Lever 
Street, Manchester, 1. 


The firm Benigno Novoa, of Bolivar 
1061, Buenos Aires, Argentina, offer 
their services as agents in the Argentine 
Republic to British manufacturers and 
exporters. 
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Ferranti Ltd., Edinburgh, who have 
been engaged in the development of 
Resin Cast Transformers and Chokes for 
the past four years, have now received 
a Limited Type Approval Certificate 
from the Radio Components Standardi- 
zation Committee for these components. 
The new range of transformers and 
chokes have been named the Pentland 
Series. 


The Council of The Institution of 
Electrical Engineers have elected His 
Royal Highness the Duke of Edinburgh 
to Honorary Membership. 


Electrical & Musical Industries Ltd. 
announce the change of name of Emitron 
Television Ltd. to E.M.I. Electronics Ltd. 
The new company will be a controlling 
and co-ordinating company, and _ will 
absorb as subsidiaries the three existing 
companies, E.M.I. Engineering Develop- 
ment Ltd., E.M.I. Factories Ltd., and 
E.M.I. Research Laboratories Ltd. E.M.I. 
Electronics Ltd. will be concerned with 
the design, development and marketing 
of all electronic devices other than those 
for Government requirements, utilizing 
for this purpose the extensive resources 
of its three subsidiary companies. 


The United Kingdom Atomic Energy 
Authority announce the appointment 
of Colonel G. W. Raby, C.B.E., as 
Deputy Director (Engineering) to the 
Research Group at Harwell. Mr. 
D. E. H. Peirson has been appointed 
as Secretary to the Authority. 


Chapwan & Hall, Ltd.. have been 
appointed sole British agents for the 
book “Fundamentals of Transistors,” by 
L. M. Krugman, published in the United 
States of America by the John F. Rider 
Co.,: Ine: 


The Saar Trade Fair will be held in 
Saarbrucken from 23 April to 8 May. 
Further information may be obtained 
from the Fair Management, Saarbrucken. 
Messegelande. 


Metropolitan-Vickers Electrical Co. 
Ltd. have appointed Mr. R. H. Kelsall 
as Assistant Chief Electrical Engineer, 
Electronic Control Department. This 
follows the transfer of Mr. S, A. Ghalib 
to be Group Leader of the A.E.L.-John 
Thompson Industrial Atomic Energy 
Group. 


Mr. W. A. Flint has resigned from 
Sunvic Controls Ltd., and is taking up a 
position as Publicity Officer to Petters 
Ltd., Staines. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Amplifier Output Impedance 


Dear SiR,—The letter in your Decem- 
ber issue from Messrs. McDonnell and 
Earnshaw brings, very forcibly, to my 
attention, the dangers of accepting ap- 
proximate and empirical formulae in 
connexion with electronic circuits. It is 
of course easy to use a text book answer, 
but in many cases, of which the ampli- 
fier with or without feedback is a notable 
one, an exact statement of conditions is 
often more easily grasped and more easy 
to apply. 

Firstly, an amplifier can be shown as a 
T or @ network of impedances, and 
therefore may be considered as a three 
terminal network which, if we assume a 
value for any one impedance of the 
three, may be a passive network, the only 
applied potential being the input poten- 
tial to the grid. This point is mentioned 
in passing, to demonstrate that ordinary 
network theorems may profitably be ap- 
plied to e‘ectronic circuits. 

Now. assume an amplifier to be a four 
terminal network such that és, = meé;-», 
and that 2 and 4 are connected (Fig. 1). 

If we consider 1 as the input grid of an 
amplifier, and 4 as the output terminal, 
then, knowing m, and any impedance of 
the T or 7, the amplifier is exactly cal- 
culable. 
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Amplifier as four terminal network 











Fig. 1. 


Now, consider an amplifier with an 
external 7 network connected as shown 
in Fig. 2. 

Pinned the amplifier itself is in no way 
altered, then e;., = meé,-2 as before, and 
we may conveniently let e,-. be one volt, 
so that e:., = m volts. If we now have 
AB as the input terminals, then we get a 
figure for overall gain g, such that és-.= 
mm = Beis. 

Since 1 and 2 are the grid and earthly 
points of the input circuit, we may let 
Z; be the total grid cathode impedance 


of the circuit, and ty Thevenin’s 
mZ> Ae 
Theorem. if Ei, = 5 we and if Z,= Zi+Z. 


we get the circuit shown in Fig. 3. 


For the easy solution of this circuit, 
one allowable assumption is necessary, 
ie., that Z; has negligible loading effect 
on 3-4. This is allowable, as the choice 
of Z; is free in so far as design con- 
siderations will allow. 

Since by the transformation giving Z,, 
we have made Z, infinite, it should be 


1 — in m— 1 
that z = Z: 


Z, = mnZ,, and g = m/é€in we get 
__mn he (m— 1) g (n+1) 
" 1+a-—m Ome gin 


where obviously g is the overall gain. In 
these results, any Z, m, n, or g may be 
complex. 


obvious or if 
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The sign of the real part of g deter- 
mines whether feedback is negative or 
positive, and for critical oscillation, 
g = © giving m = 1+ n. 

If we consider output impedance, we 
must define our conditions of determin- 
ing this junction, since there are gener- 






















ally two methods available. If no feed- 
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Fig. 2. Amplifier with an external T network 


back be used (n = ©), we get identical 
values whether we determine the load 
required to give maximum power output, 
or that required to reduce the terminal 
potential to half its open-circuit value, 
by suitable manipulation of theorems, 
this is obvious for a passive network, 
but in the case of n ~ ©, we find that 
the first definition is independent of 
feedback, since if Z; be negligible as a 
shunt on the load, we have the terminal 
impedance 3-4 to consider with no refer- 
ence to feedback. This may be shown 
as follows: 

Feedback varies the value of ¢é:-2, but 
é;-4 being a linear junction of ¢é.2, then 
the values of é:-2 és-s for grid current or 
cut-off, depend only on the amplifier and 
not on the feedback circuit. Anyone 
who has designed an oscillator knows 
that the valve is treated as a class A am- 
plifier to determine the anode load, after 
which, feedback is applied to give 
g = Co, 

However if we treat the amplifier as 
having a potential output across a load, 
we find that if we determine the load to 
give half the open-circuit potential, then 
Z = Z = gD/G. where gq is the 
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Fig. 3. Development of Fig. 2. 


value of g determined for an infinite load, 
and G, is the overall mutual conductance 
of the amplifier at the short-circuited out- 
put terminals. 

This value is of utmost importance as 
it is the absolute value of output imped- 
ance for any amplifier whatever, and can 
obviously be determined very closely if, 
remembering phases, we measure the 
output potential on open-circuit, and the 
output current on short-circuit for a 
constant input. 

Referring this to a CV138 (EF91) as a 
triode connected cathode-follower:— 


prs Gu R. 
GR-(1—#)—# 
= G, put G = 75 x 10°p4 = —75, 





gs= m= 
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and we get, if Re = © 
ee OSes 
7 oe = 


75 
2 8ulG= 6 F5 x 107 
ohms. 


In this case, we get a very close ap- 
proximation to the correct result by 
taking 1/G as good enough. 

Here again, we can_ differentiate 
between voitage and current feedback in 
a generalized statement. 

For current feedback 

8x = Mey Go & G:. 

For voltage feedback 
Go #m, Go = Gr where Gs is the 
mutual conductance at the output for one 
vo:t of input with the normal load. 

By this definition, it is obvious that 
the cathode-follower is in a state of volt- 
age feedback. If g, # my Go # Gr, 
then the feedback is of both types simul- 
taneously. 

Although the matter could be devel- 
oped more fully, I will close by consider- 
ing a d.c. amplifier, using a CV138(Pen- 
tode) with E,=250, EG,=0, Eqr=500, 
and a_ suitable negative bias supply. 
g = —20. 

The anode shou'd be centred at 250V 
and 10mA Ry = 25kQ. E, = —2 and 
m = —200. Assume Ei, = +250V. 
Then, if E;, falls by 5V to 235, E, rises 
to 350, and E, falls to.—2-5V. If the 
bias supply potential is known, solution 
for Z:, Z: and Z; is possible if any one 
is chosen arbitrarily. The solution gives 
- = * 22. 3. We now deduce nq = 22:3, 

Go = Gu = 65 x 10-, Z. = 3-43k0. 
If now, we connect this load from anode 
to h.t. line, then unless we change the 
bias to give 7, = 0, the valve is run out- 
side specification limits. If we connect 
the same load from anode to cathode, 
the maximum possib'e anode potential is 
30-5V, and the amplifier is not likely to 
operate successfully. The gain g how- 
ever should in either case be reduced to 
—10. This I think disposes of Mr. Earn- 
shaw’s remarks on choice of operating 
point, and the reason is that the steady 
state and transient conditions of an am- 
plifier with feedback are not generally 
identical. 





= 75/76 and 





a | 13)°7 


Yours faithfully, 
H. Moorsy, 
Farnborough, Hants. 


A Battery Pre-Amplifier 

Dear Sir,—There is often the need to 
extend the sensitivity of an audio fre- 
quency bridge amplifier by means of a 
low-level pre-amplifier. A single valve 
battery-operated unit has been con- 
structed for such a purpose. It is small, 
self-contained, has a gain of 50 times, 
and operates for long periods on one set 
of batteries. For an input resistance of 
1MQ, a signal of 1nV r.m.s, at 50c/s can 
be detected when the unit is coupled to 
a tuned amplifier and cathode-ray oscil- 
loscope. 
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Wate eeccoreer 


The valve (Fig. A) is a subminiature 
pentode type DF66, chosen as a com- 
promise between low noise level and bat- 
tery economy. The filament current of 
15mA is supplied from a 1-5V torch cell 
through a suitable resistor, and the com- 
bined anode and screen current of S0HA 
from a 67:°5V portable radio battery. 
Owing to the small current drain on the 
batteries, their life is several hundred 
hours. The valve is designed for wiring 
directly into a circuit on its stem leads, 
and in the present application these leads 
form the sole support. This method of 
mounting isolates the valve from vibra- 
tion and mechanical shock. Bias is ob- 
tained from the filament dropping resis- 
tor, and no grid leak is included, as a d.c. 
grid return can be provided in the con- 
nected circuit. This is desirable since, in 
some applications, the damping effect of 
a grid resistor reduces the sensitivity. A 
resistor of 0-SMQ is wired in series with 
the control grid to prevent excessive grid 
current should a large out-of-balance 
signal be applied. 

The amplifier originally was made as 
part of the detector of a mains-frequency 
bridge. In this application shielding 
from stray electromagnetic fields is ex- 
tremely important. By far the greatest 
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Fig. A. Battery Pre-amplifier circuit 
R, and R,=Low noise level type 


effect was found to be on the valve, which 
therefore is screened by three turns of 
lin by 0:005in Mumetal strip sprung 
lightly around the envelope. In addi- 
tion, the input and output loops are kept 
as small as possible. 

The valve and components are 
mounted on a lug panel, and are en- 
closed, with the two batteries, in a 16 
$.w.g. aluminium box measuring Sin by 
3jin by 3in, provided with sponge rubber 
feet. Input and output connexions are 
made to standard screened connectors. 

Yours faithfully, 
H. BAIRNSFATHER. 
Division of Electrotechnology, 
Commonwealth Scientific and 
Industrial Research Organization, 
Sydney, Australia. 


Infrasonic Switching 


Dear SirR,—It has been suggested that 
tecause the optic and acoustic nerves 
both ‘originate from the four.h cerebral 
ventricle, they should show analogies. In 
particular, there should be a phenomenon 
of persistence of the aural image just as 
there is a persistence of the visual image. 

Experiments to verify this hypothesis 
have been descrited by Marro’* and Mon- 
tani’. In Montani’s experiment, sound 
waves transmitted down a long tube 
were interrupted by a revolving shutter 
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and the ear was placed at the free end 
of the tube. Montani claimed that 
when the shutter rotated at 15c/s, so 
that the transmitted sound was chopped 
into equal on and off periods of 0-03sec, 
the sound received was completety intel- 
a and the discontinuity impercepti- 

e, 

This principle should have applications 
to two-way communication systems such 
as loudspeaking telephones. The periodic 
switching would eliminate unwanted 
feedback which can lead to instability. 
Communication systems using infrasonic 
switching were in fact, proposed by 
Montani’. However, McGuire and 
Nowacki® have reported that repetition of 
the experiments did not confirm the 
original claims, but. gave no details of 
their own results. Because of the poten- 
tial applications of the principle in the 
field of te‘ephony we have also tried to 
verify Montani’s results. 

In view of the intended applications, 
our experiments were carried out with 
speech signals transmitted over an elec- 
trical circuit which was interrupted, with 
equal on and off periods. An electrical 
signal from a microphone was trans- 
mitted through an audio-frequency ampli- 
fier to a telephone receiver. The circuit 
between the amplifier and receiver was 
interrupted by the contacts of a telegraph 
relay whose coil was energized by the 
output from a variable-frequency oscilla- 
tor. One experimenter spoke into the 
microphone while another listened at the 
receiver and varied the frequency of the 
interruptions. When no signal was trans- 
mitted, the sound due to the interruptions 
was negligible: However, it was found 
impossible to send good quality speech 
over the circuit although the frequency 
of interruption was varied between 10c/s 
and 300c/s during the observations. The 
speech which was transmitted was intelli- 
gible, but a pronounced “ warbling” 
effect was superimposed on it at the fre- 
quency of interruption. The effect of this 
appeared least disturbing when the 
switching frequency was of the order of 
50c/s. At low frequencies (of the order 
of 15c/s) the length of the interruption 
periods reduced intelligibility and at high 
frequencies (of the order of 200c/s) the 
interruption frequency was itself audible. 
The most that can be said is that the 
interrupted speech was intelligible, but 
its “ quality ” was so low as to render it 
comptetely unsatisfactory for a commer- 
cial communication system. 

The experimental resuits which we ob- 
tained are consistent with simple modula- 
tion theory. The speech signal com- 
prises components at intervals over a wide 
frequency band. Interrupting the signal 
at a low frequency produces sidebands 
of harmonics of the switching frequency 
about each component of the speech sig- 
nal. Thus, although the switching fre- 
quency may be too low to be audible by 
itself, its modulation of the speech signal 
causes many distortion components to be 
produced at frequencies to which the ear 
is sensitive. The presence of these 
modulation products accounts for the 
warbling effect noticed during the experi- 
ments. A similar process takes place, 
of course, when visual signals are inter- 
rupted, but the effect is not noticed be- 
cause of the very much higher frequency 
of light waves. Thus, when an audio- 
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frequency wave of say 10°c/s is inter- 
rupted at 50c/s, sideband frequencies are 
produced whose separation from the 
carrier is 5 per cent of the carrier fre- 
quency. When a light wave of say 
6 000A (f = 5 x 10"c/s) is interrupted 
at 50c/s the separation of the sidebands 
frequencies from the carrier is only 10-" 
of the carrier frequency and no distortion 
is evident. 
Yours faithfully, 


J. E. FLoop, 
R. W. S. KINSEY, 
Siemens Brothers & Co. Ltd, 
Woolwich, 
London, S.E.18. 
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Relay Scale-of-Two Circuits 


Dear Sik,—The recent article by Mr. 
R. C. M. Barnes (October and Novem- 
ber, 1954 issue) and subsequent letter 
from Mr. Kendall were most interesting 
to me as I had recently evolved a circuit 
similar to Fig. 18 (November issue p. 496) 
which to my mind has several advantages 
over the latter. 

A current is passed through A, such 
that it will hold on but not operate A. 

When / is operated C charges via Ai, 
R, and /-R, limiting the current. Upon re- 
lease of J, C is discharged through A thus 
Operating it, the standing current holding 
A in this position. 

When / is operated a second time C 
is discharged via A,—A being operated— 
and upon release of /, C effectively short- 
circuits A thus releasing it. 


wi Ne = 


Output + + 


R, a 
Relay 
scale-of-two 


circuit C 
Cc 


—h 








The rate of operation is mainly limited 
by the charging rate. On the other hand 
R, may be increased deliberately so that 
the circuit will respond only to pulses of 
more than a pre-determined length. 

The circuit has not been tried at more 
than some 300 cycles per min. C being 
16uF R; 1002 and A a 3 4000 high speed 
relay. 

One advantage of this circuit is that 
the power requirements are identical in 
both states which simplifies power supply 
design, and surges on the supply line do 
not affect A as R:/C form an effective 
filter. The circuit is simple and uses no 
special components and works on pulses 
of any duration. 

Yours faithfully, 
R. G. WICKER. 
Coundon, Coventry. 
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Valves for A.F. Amplifiers 


E. RODENHUIS’S guide to freely adapt- 
able methods of building ; profusely illus- 
trated with 94 illustrations and 6 folding 
circuit diagrams. 10s. 6d. 


Remote Control by Radio 
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and folding circuits. 8s. 6d 
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RESISTANCE 
STRAIN GAUGES 


By J. Yarnell, B.Sc., A.inst.P. 
Price 12/6 (Postage 6d.) 


This book deals in a practical manner 
with the construction and application 
of resistance gauges and with the 
most commonly used circuits and 
apparatus. The strain-gauge rosette, 
which is finding ever wider applica- 
tion, is treated comprehensively, 
and is introduced by a short exposi- 
tion of the theory of stress and strain 
in a surface. 


Order your copy through 
your bookseller or direct from 
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BOOK REVIEWS 


Applied Electronics 


By T. S. Gray, 881 pp. 364 figs. Demy 8vo. J. 
Wiley, Inc., New York. Chapman & Hall Ltd., 
London. 1954. Price 72s. 

O many books have teen written 

round the subject of radio and elec- 
tronics, especially in America, that a 
reviewer is reaching the stage where he 
has to look for fine points of detail in 
order to distinguish one book from 
another. This is a work sponsored by 
M.LT. and is a second edition so that 
it merits careful consideration. One 
pleasant feature (regrettably rather rare 
in American publications) is the author’s 
recognition of the work that has been 
done outside America and there are many 
references to European authors; the 
bibliography shows to a less degree the 
same catholicity. Another excellent 
feature is the answers provided to the 
numerical problems (a good characteristic 
of American student books) given at the 
end of each chapter. 

The book certainly differs from others 
on the same theme in that its first five 
chapters (out of 13) concentrate on the 
physics of the valve. This is done quite 
well and should appeal to the physics or 
engineering student who is going to 
concern himself with the development of 
devices depending on electron action in 
vacuum, gas or vapour. Electron bal- 
listics, emission from heated metals, 
conducting through a vacuum, gas and 
vapour are all treated and there is a 
short reference to semi-conductors. 

In the next six chapters the author 
follows well trodden paths going from 
rectifiers to amplifiers and from oscil- 
lators to demodulators. The approach 
is academic rather than practical, and 
from this point of view the title is a 
little misleading; * B asc ag of Applied 
Electronics ” would b e more appropriate. 
The author is strictly logical in his 
theoretical development. Thus we find 
in the section on the Miller Effect that 
input capacitance is 


Cex + Cea (I-A) 


where 4 is the algebraic gain from out- 
put to input and due to the phase change 
in the valve it has a negative real com- 
ponent. The same is true of negative 
feedback. In the cathode-follower the 
expression becomes 


Cyx/1 +A+Cy, 


where A has now a positive real com- 
ponent and is the stage gain from grid- 
cathode voltage to output. Many will 
be more familiar with the expression 
C,x(1—A’) where A’ is the stage gain from 
input (grid-earth) to output (cathode- 
earth). The vectorial presentation of valve 
voltages which puts wE, and E, in phase 
is preferred so that the output voltage 
vector is 180° out of phase with the pro- 
duct of the current and output load 
impedance. This may be a little 
bewildering at first to the reader who has 
some knowledge of electronics but will 
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present no protlems to the student who 
is being guided for the first time through 
the intricacies of the subject by the 
author. 

In the section on rectifiers with a 
capacitance load some mention should 
have been made to the work (used by the 
author in his theoretical development) of 
Marique, which preceded Schade’s pub- 
lication by about eight years (Wireless 
Engineer, January 1935, p.17). 

The last chapter is a useful summary 
of the characteristics and applications of 
transistors. 

This is a good sound book, pains- 
takingly developed; it is likely to have a 
sale in America among physics or 
engineering students specializing in elec- 
tronics. It seems improktable that it will 
be a serious competitor with books 
(American as well as Engtish) which have 
already established themselves in the 
English market. 

K. R. STURLEY 


Astronomical Photoelectric 
Photometry 


Edited by Frank Bradshaw Wood. 
figs. Royal 8vo. 
ey gama 


141 pp., 39 
American Association for the 
of Science, Washington. 1953. 


THE. advent of the photomultiplier has 
played an important part in the 
development of astronomical photoelec- 
tric photometry. In the early days of the 
subject photocells and d.c. amplifiers were 
the standard equipment, but in the last 
decade many new electronic techniques of 
measurement have been applied to this 
fascinating problem, and the investigator 
has now a wide choice of tools and 
methods. The best method to use in a 
given set of circumstances, e.g. d.c., a.c., 
or pulse will depend, no doubt, on the 
experience of the investigator and the 
equipment available to him, but the 
present volume should be of considerable 
assistance to him in those cases where a 
choice of techniques or methods arises. 

The volume comprises a collection of 
papers presented, in a somewhat abbrevi- 
ated form, at a symposium held in Phila- 
delphia on December 31st, 1951, by Sec- 
tion D (Astronomy) of the American 
Association for the Advancement of 
Science. The papers are entirely con- 
cerned with problems of instrumentation 
and technique. Nine papers are presented. 
The first three deal with direct-current, 
alternating-current and pulse techniques 
respectively and each provide a good in- 
troduction to the subject. In some ways, 
however, the first paper is a disappoint- 
ment, and the reviewer would have pre- 
ferred a considerable cut in bibliography 
(575 references are quoted in the first 
paper) and the extra space used to provide 
a more detailed treatment of the d.c. 
techniques of measurement. 

The fourth and fifth papers are very 
short contributions describing particular 
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pulse counting installations, while the 
sixth paper gives a very complete and 
interesting account of the performance of 
two pulse-counting stellar photometers 
used at the Observatory at Cambridge, 
England. The seventh paper describes 
the use of servomechanisms in the photo- 
electric photometry of stars, while the 
last paper considers the limits of sensi- 
tivity and precision attainable by photo- 
electric methods. This chapter is the 
best written and the most interesting in 
the whole book. To the newcomer to 
the subject this chapter is an excellent 
introduction and puts many of the state- 
ments in the earlier chapters in their right 
perspective. The reviewer’s feeling is, in 
fact, that this chapter could logically have 
been the first and not the last. 

The book, like many others giving a 
collection of papers all written by differ- 
ent authors suffers from the disadvantage 
of too much repetition and not sufficient 
explanation of some of the details. It is 
nevertheless a valuable book for the 
astronomer and will te found interesting 
reading to the electronic specialist. 


DENIS TAYLOR. 


Foundations of Potential Theory 


By Oliver D. Kellogg. 384 pp. 30 figs. Demy 8vo. 
Dover Publications, Inc., New York. 1954. Price 
$1.90 (paper), $3.95 (cloth). 
tk iee book was originally published 
in English some twenty-five years ago 
in the Springer yellow series “ Grund- 
lehren der mathematischen Wissenschaf- 
ten” and has now been re-issued by 
Dover Publications. The revival of such 
an excellent treatise on the subject is to 
be welcomed, even if this is not a new 
edition, so that references and _ biblio- 
graphy have not been brought up to date. 
The subject matter is dealt with from an 
advanced mathematical point of view, 
particularly so in the second half of the 
book. However, the physical basis and 
applications of potential theory to differ- 
ent fields of physics (gravitation, electro- 
statics, hydrodynamics) are never lost 


sight of. One of the most valuable 
contributions of the book lies in_ its 
rigorous treatment of mathematical 


proofs, especially the full discussion of 
existence theorems. But this should not 
be taken to imply that it is only meant 
for the pure mathematician. A much 
wider class of readers will find a great 
deal to learn from it. They will be 
helped in this by large numbers of 
examples. 
G. FIELD 


Atomic Energy and its Applications 


By J. M. A. Lenihan. 265 pp., 70 fies. Demy 
8vo. Sir Isaac Pitman & Sons Ltd. 1954. Price 
22s. 6d. 

HIS book is written for the reader of 

modest scientific attainments who 
wants to know more about the achieve- 
ments and potentialities of nuclear 
science. It is neither a textbook of 
atomic physics nor a catalogue of its 
applications, but combines the most 
valuable features of both. Written in a 
simple, straightforward style, this book 


will be of interest to teachers and 
students. 
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Neuartige Aluminiumleiter in Stark- 

stromfreileitungen (Novel Alumi- 

nium Conductors in Overhead Power 
Lines) 


By Dr. Milan Vidmar. 208 pp. 29 figs. Demy 8vo. 
Academia Scientiarum et Artium  Slovenica, 
— Oeconomiae Electricae, Ljubljana. 


95. 
ong monograph is of greater interest 
to the power engineer than to the 
electronic engineer. But as a_ pre- 
ceding book by the same author dealing 
with a similar subject was reviewed in 
the August 1953 issue, only a brief ac- 
count of its principal contents shall be 
given. 

The author’s proposal to use pure alu- 
minium conductors not reinforced by 
steel cores for high power transmission is 
given a thorough theoretical foundation. 
The eight chapters of the book deal with 
the following subjects: the mechanical 
states of overhead power lines; the three 
terms of the equation of state; the addi- 
tional mechanical loads; the largest sag 
during summer; the steel-aluminium con- 
ductor; sags and span; complete equiva- 
lence of different kinds of conductors; 
concluding considerations. A brief list 
of references is given containing mainly 
the author’s own publications. A slight 
misprint was noticed; Matkin’s paper ap- 
peared in 1952, not in 1925. 

R. NEUMANN. 


The Inventor of The Valve 


By J. T. MacGregor-Morris. 134 pp. Demy 8vo. 
The Television Society. 1954. Price 10s. 


CQ with the jubilee of the 
invention of the thermionic valve, 
the Television Society published this 
short biography of Sir Ambrose Fleming, 
written by his former student and assis- 
tant, Professor J. T. MacGregor-Morris, 
with a foreword by Professor E. W. Mar- 
chant and an appendix of versonal recol- 
lections by Mr. Arthur Blok. The text 
is illustrated with reproductions of 
original notes and letters, many of which 
are published for the first time. 

The edition is limited to 1000 copies, 
and the book will thus not only be a 
unique record of Fleming’s achievements 
but will increase in value as time goes on. 


FBI Register 1955 


1089 pp. Crown 4to. 27th Edition. Hliffe & Sons 
Ltd. 1954, Price 42s. 
AN important new feature of this edi- 
tion is the French, German and 
Spanish Glossaries. Each glossary gives 
a translation of every heading used in the 
buyers’ guide, the headings being num- 
bered for easy reference between the 
translations and the main section. 

There are eight sections in the new 
Register, each one having a reinforced 
index card for ease of reference. These 
include a buyers’ guide which classifies 
over 6 800 FBI member firms under more 
than 5 000 trade headings, and a compre- 
hensive alphabetical directory of all these 
firms. In other sections will be found 
useful information about trade associa- 
tions, proprietary names, trade marks, etc. 


137 








CHAPMAN & HALL 





DIELECTRICS 
AND 


WAVES 


by 
A. R. von Hippel 


(Professor of Electrophysics 
Massachusetts Inst. of Technology) 


284 pages Illustrated 128s. net 


DIELECTRIC 
MATERIALS 


AND 
APPLICATIONS 
Papers by 
Twenty-two Contributors 
Edited by 
A. R. von Hippel 
436 pages Illustrated 140s. net 











37 ESSEX STREET, LONDON, W.C.2 






















Smith’s for 
Technical 
Books 








Books on the theory and prac- 
tice of electronics, new devel- 
opments, circuit design, and 
other specialized subjects can 
he quickly supplied through 
your local Smith’s shop or 
hookstall. 
Your copies of ELECTRONIC 
ENGINEERING can be bound 


into attractive volumes; and all your 


stationery and printed matter sup- 


plied through our local branch. 
W. H. Smith 
& Son 


for SPECIALIST BOOKS 


HEAD OFFICE: 
STRAND HOUSE, LONDON, W.C.2 














ELECTRONIC ENGINEERING 








ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Temperature Control Unit 
(Illustrated below) 


T# control unit type N856 is designed 
for the accurate control of the tem- 
perature of platens, ovens, rooms, con- 
tainers, liquids, gases, etc., in the range 
—96°C to 428°C. 

It normally utilizes a flat mica resist- 
ance type sensitive element which is 
mounted in close proximity to the 


medium to be controlled, but for immer- 
sion in liquids, use in corrosive or damp 
atmospheres, or for controlling tempera- 
tures above 300°C, a sealed platinum 
bulb thermometer may be employed as 
the temperature sensitive element. 

The element 


forms one arm of a 





bridge circuit, another arm of which is’ 


made variable to provide the adjustment 
of temperature. The bridge out-of- 
balance voltage is amplified and used to 
operate two separate relays at slightly 
different temperatures, the temperature 
eee being adjustable between 0 and 


This arrangement enables the three 
conditions “temperature low,” “tem- 
perature correct” and “temperature 
high” to be detected, and the unit can 
therefore be used to control not only 
electrically heated elements, but also 
heating or cooling processes using motor 
controlled valves, etc. 

The sensitivity of the equipment is 
such that the relays operate and release 
on changes of the control resistance of 
0-1 per cent. This represents a tem- 
perature change of 0-25°C for the mica 
resistance element and 0-4°C for the 
platinum bulb thermometer at 100°C. 


Airmec Ltd, 
High Wycombe, 
Buckinghamshire. 


Pulse Generator 
(Illustrated above right) 
Ts pulse generator type RIOOA pro- 
vides a wide variety of pulses for the 
checking and calibration of ratemeters, 
scalers, pulse amplifiers, etc. 


ELECTRONIC ENGINEERING 


accessories and test instruments. 





| 


The pulse generator provides positive 
and negative, single or double rectangular 
pulses with adjustable spacing in two 
separate channels, A and B. 

The A and B output controls are both 
calicrated 0 to 50 volts, B output pulses 
are variable in width. 3 

Ihe delay control is calibrated with 
three ranges, 0 to 20usec, 20 to 220usec 
and 220 to 1 000ssec. 


Panax Equipment Ltd, 
173, London Road, 
Mitcham, 

Surrey. 


Glass Fibre Laminates 


A™=* range of glass fibrepolyester 
resin laminates is now available. 
Manufactured under the trade name of 
“ Rilglaze ” they are available in various 
grades and have high mechanical 
strength, good heat resistance and insu- 
lation properties. 

A general property grade (“S”) is 
available which is generally used in the 
form of blanks in electrical components. 
This grade has good punching and 
machining properties. 

Rubber Improvement Ltd, 
Rilex Works, 
Wellingborough, 
Northamptonshire. 


Oscillograph Tube 
(Illustrated below) 


Nenad Emitron oscillograph tube is 
now available. This tube, the type 
4EP1, employs post-deflexion accelera- 
tion which gives the advantage of high 
defiexion sensitivity combined with good 
brightness: the sensitivity being about 
Imm/V with a final accelerator poten- 
tial of 2kV. For high writing speeds 


this voltage can be increased up to 8kV. 
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The screen diameter is 4in and of 
medium persistence. Side connexions 
are used for the deflector plates to allow 
the tube to operate at very high frequen- 
cies. 

Electronic Tubes 
ingsmead Works, 
High Wycombe, 
Buckinghamshire, 


R.F. Induction Heater 
(Illustrated below) 


Tt induction heater type EH.120 has 
versatile output coupling arrange- 
ments which enable it to be used for a 
wide variety of heating processes. 

R.F. power output is 12kW for con- 
tinuous, or 14kW for intermittent work- 
ing (50 per cent duty cycle) into work 
of high power factor, or S500kVA and 
700kVA respectively into work of low 





power factor or where the coupling efli- 
ciency is low. A hand wheel on the 
front control panel provides a smooth 
and continuous control of the r.f. volt- 
age supplied to the output terminals. 

Work-matching casacitors in varying 
combinations up to 0:14#F are incorpor- 
ated, but in cases where r.f. power is fed 
to a remote work position via a trans- 
mission line, the capacitor can be readily 
omitted. The continuously variable 
output coupling system is very suitable 
for feeding into a coaxial line, and a 
dual-range line ammeter on the control 
panel facilitates accurate matching to a 
transmission line and external work cir- 
cuit. 

For accurate timing of operations, a 
timing unit with built-in hour meter 1s 
incorporated. The normal range is 0 to 
30 seconds, but other ranges from 0 to 10 
seconds up to 0 to 4 hours are available 
to order. 

E.M.I. Factories Ltd, 
ayes, 
Middlesex. 


Ceramic Capacitors 
A= range of inexpensive ceramic 
capacitors, known as “Cascaps, 
has been introduced by Plessey. 
The material used is of the barium 
titanate type, having high permittivity 
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and dielectric strength, enabling minia- 
ture capacitors to be produced, for 
operating at high voltages over a wide 
temperature range and used in applica- 
tions where precision of capacitance is 
not of primary importance. 

“Cascaps” are available in two basic 
types, one for purposes such as r.f. de- 
coupling and the other for radio iuter- 
ference suppressors. 

The former types are constructed in 
capacitances ranging from 5-Q0pF to 
0-01uF, 500V d.c. or 300V a.c. working 
with a breakdown voltage of 4000V d.c. 
and an insulation resistance of 10°. A 
0-005uF capacitor measures only 0-664in 
in diameter and is 0°187in thick. 

All “Cascap” capacitors are finished 
in a recently developed paint coating, 
which forms a thick protective layer on 
the disk and provides additional mechan- 
ical strength. This coating has excep- 
tionally high insulation resistance, while 
it also prevents entry of moisture, so 
avoiding the necessity for wax impregna- 


tion. 
The Plessey Co. Ltd, 
Ilford, 
Essex. 


Industrial Servo Unit 


E iny industrial servo unit type R.1219 
is designed to help particularly indus- 
trial laboratories which are experiment- 
ing with servo mechanisms for various 
control purposes. 

The unit provides all power supplies 
for operating the servo motor, and is 
suitable for rack mounting or for bench 


use. 

When used in conjunction with a servo 
motor such as the Evershed & Vignoles’ 
type F.A.2, the unit can be used for many 
purposes such as, high power voltage 
stabilization, controlled speed drive, 
follower systems, process control. 

An input signal of 0-2V will result in 
the maximum d.c. field current being ap- 
plied to the motor (80mA centre-tapped). 
The armature current is 1A d.c. 


The Edison Swan Electric Co. Ltd, 
155, Charing Cross Road, 
London, W.C.2. 


Permanent Soldering Bits 

HE manufacturers of Litesold solder- 
ing irons claim to have evolved a 
permanent bit for soldering irons. It 
is registered under the trade name 
“Permabit.” It is claimed that this bit 
lasts indefinitely, does not become pitted 
or lose its face, and requires no re- 
shaping, filing or maintenance. These 
Permabits are available in a fixed bit 
range of instruments and also as bits for 

replaceable types in all sizes. 
Light Soldering Developments Ltd, 
106, George Street, 
Croydon, 
Surrey. 


Filter Cabinet 
(Illustrated above right) 


ULLARD high- and low-pass filters 

are now available in pairs in a neat 
bench-type housing. These filters, based 
on a design originated by the British 
Post Office, have ten cut-off frequencies 
between 400c/s and 17kc/s. They may 
be used separately as a high-pass or low- 
pass filter, or connected in series to form 
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a band-pass filter of variable bandwidth. 
The filters aré mounted on standard 
19in panels only 34in high. Their com- 
pactness results from the use of Ferrox- 
cube core material for the inductors. This 
makes it possible to construct filters 
having a high image impedance, thus 
enabling compact high stability silvered 
mica capacitors to be used. Matching 
transformers reduce this high impedance 
to 6002. 
Mullard Ltd, 
Century House, 
Shaftesbury Avenue, 
London, W.C.2. 





Key Operated Switches 
(Illustrated above) 

RATER Products announce that any 

of their existing range of rotary 
switch can now be supplied fitted with a 
barrel type key operated mechanism. 
They point out that this should be parti- 
cularly useful in cases where it is desired 
to prevent unauthorized tampering with 
equipment, as for instance, in some in- 
dustrial installations, 


Crater Products Ltd, 
The Lye, St. Johns, 
Woking, 

Surrey. 


Superspeed Soldering Iron 
(Illustrated below) 
Be new soldering iron weighs on'y 
340z and heats up to soldering tem- 


perature in less than 6sec. It may be 
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used on any supply voltage between 2:5 
and 63V; a 4V transformer is normally 
supplied. It is switched on by light pres- 
sure on the switch ring, and is auto- 
matically switched off when not in use. 
It is claimed that, due to the principle 
upon which the iron works, it is more 
powerful than a conventional 150W iron. 
Enthoven Solders Ltd, 

89, Upper Thames Street, 

London, E.C.4. 





Rectangular Faced Oscilloscope Tube 
(Illustrated above) 


| he radar and oscilloscope displays, it 
often happens that only a small hori- 
zontal strip in the centre of the screen 
of a cathode-ray tube is occupied by the 
trace. If instead of a conventional circu- 
lar face a face of rectangular form is 
used, the trace can occupy the whole 
of the working screen area. Such a 
rectangular screen has been adopted in 
the new Mullard DG16-21 tube, which 
enables much equipment space to be 
saved. 

The DG16-21 tube has a screen size 
of 54in by l4in. The deflexion sensi- 
tivity is of the order of 0-2mm/V. The 
angle alignment between X and Y plates 
is kept within one degree of the nominal 
value of 90 degrees: this close tolerance 
ensures the high degree of perpendicu- 
larity necessary where accurate measure- 
ments have to be made. The tube has a 
6:3V heater, and would normally operate 
at a final anode voltage of 6KV. 

Mullard Ltd, 
Century House, 
Shaftesbury Avenue, 
London, W.C.2. 





Push-Button Switch 


(Illustrated above) 


HIS new addition to the Bulgin range 

of instrument pushes has single jin 
diameter hole fixing. The switch has a 
single pole push for on action. The 
brass body bush is chromium plated and 
the rear fixing butt is nickeled. It is 
rated at 1A at 110V a.c. The list num- 


ber is M.P.12. 
A. F. Bulgin & Co. Ltd, 
Bye Pass Road, 
Barking, 
X. 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Date: 30 March. Time: 6.30. p.m. 
Held at: The London School of Hygiene and 
Tropical Medicine, Gower Street, W.C.1. 
Discussion: The Maintainability of Service 
Equipment. 
West Midlands Section 
Date: 9 March. Time: 7.15. p.m. 
Held at: Wolverhampton and Staffordshire Tech- 
nical College, Wulfruna Street. Wolverhampton. 
Lecture: Electrical Standards in Electronics. 
By: P. M. Clifford. 
North-Eastern Section 
Date: 9 March. Time: 6 p.m. 
Held at: Neville Hall, Westgate Road, Soteste- 
upon-Tyne. 
Lecture: The Application of Negative Feedback 
to Electrical Measuring Instruments. 
By: F. J. U. Ritson. 
Merseyside Section 
Date: 3 March. Time: 7 p.m. 
Held at; College of Technology, Byrom Street, 
Liverpool 3. 
Symposium on Electronics in Industry. 
North-Western Section 
Date: 3 March. Time: 7 p.m. 
Held at: Reynolds Hall, College of Technology, 
Sackville Street, Manchester. 
Lecture: Computing Circuits in Flight Simulators. 
By: A. E. Cutler. 


Date: 31 March. (Time and place as above.) 
Lecture: Industrial Applications of Electrical 
Control. 


By: J. A. Sargrove. 
Followed by Annual General Meeting. 
Scottish Section 


Date: 10 March Time: 7 p.m. 

Held at: The Institution of Engineers and Ship- 
builders, Elmbank Crescent, Glasgow. 

Lecture: Computing Circuits in Flight Simulators. 

By: G. B. Ringham and A. E. Cutler. 


BRITISH SOUND RECORDING 
ASSOCIATION 
Date: 25 March. Time: 7 p.m. 
Held at: The Royal Society of Arts, ie Adam 
Street, Adelphi, London, W.C.2. 
Lecture: High Fidelity Reproduction in the 
home using the Metal Cone Loudspeaker 
By: F. H. Brittain. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings unless otherwise a 
s ‘ e stated, 
will be held at The Institution, commencing at 


5,30. p.m. 
qi Radio Section 
Date: 2 March. 
Lectures: Some Comparative Directional 
Measurements on Short Radio Waves over 


different transmission Paths. 

By: E. N. Bramley. 

Some Aspects of the Rapid Directional Fluctua- 
tions of Short Radio Waves reflected at the 
Ionosphere. 

By: E. N. Bramley. 

me iy we | i peacoat of Continuous 

ave Radio arings at High i 

By: WC Bains 2 gh Frequencies. 

Sources of Error in U-Adcock High-Frequency 
Direction Finding. ; 

By: K. C. Bowen. 

Date: 9 March 

Lecture: Artificial Reverberation. 

By: P. BE. Axon, C. L. S. Gilford and D. E. L 

Shorter. 

Measurements Section 

Date: 15 March. . 

Lectures: The Mechanism of 
Generation in a Feedback System. 

By: J. C. West and J. L. Douce. 

The Transient Behaviour of Remote-Position 
Control Systems with a Hard Spring Non- 
Linear Characteristic. 

By: J. C. West and P. N. Nikiforuk. 


Date: 15 March Time 6.30. p.m. 
Held at: The East Midland Electricity Board. 
Service Centre, Derby. 
Lecture: The Possibilities 
Power Link Between 

Supply Systems. 
By: D. P. Sayers, M. E. Laborde and F. J. Lane 


Sub-harmonic 


of a Cross-Channel 
the British and French 
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Cambridge Radio Group 
Date 15 March. Time: 6 p.m. 
Held at: The Cambridgeshire Technical College. 
Lecture: A Caesium Clock. 


By: J. G. Yates. 

North-Eastern Radio and Measurements Group 
Date: 7 March. Time 6.15. p.m. 
Held at: King’s College, Newcastle-upon-Tyne. 
Lectures: Standard Frequency Transmissions. 
By: L Essen. 


The Standard Frequency Monitor at the National 
Physical Laboratory. 

By: J. McA. Steele. 

Standard Frequency Transmission 
at Rugby Radio Station. 

By: H w 


Law. 
North Midland Centre 
Date; 15 March. Time: 6,30, p,m. 
Held at: The Technical College, Bradford. 
Lecture: Colour Television. 
By: G. N. Patchett. 

North-Western Measuremcnts Group 
Date: 22 March. Time: 6.15. p.m. 
Held at: The Engineers’ Club, Albert’ Square, 

Manchester. 
Discussions: The Servicing of Electronic Measur- 
ing Instruments and its Effects on their Design. 
Opened by: Denis Taylor. 
South-East Scotland Sub-Centre 
Date: 15 March. Time: 6.30. p.m. 


Equipment 


He'd at: The Carlton Hotel, North Bridge, 
Edinburgh. 

Lectures: The Genesis of the Thermionic Valve. 

By: G. W. O. Howe. 


Thermionic Devices from the Development of 
the Triode up to 19 
By: Sir Edward Appleton. 
Developments in Thermionic Devices since 
By: J. Thomson. 
North Staffordshire Sub-Centre 
11 March. Time: 7 
The Electricity Showrooms, 


1939 


Date: p=. 
toke-on- 


The Possibilities of a Cross-Channel 
the British and French 


Lecture: 
Power Link between 
Supply Systems. 

By: D. P. Sayers, M. E. Laborde and F. J. Lane. 

Rugby Sub-Centre 

Date: 2 March Time: 6.30 p.m. 

Held at: The Rugby College of Technology and 
Arts. 


Lecture: Developments in Thermionic Devices 
since 1939. 
By: J. Thomson. 
Southern Centre 
Date: 9 March. Time: 6.30 p.m. 


Held at: Portsmouth College of Technology. 

Lecture: The Manchester-Kirk o’Shotts Te'e- 
vision Radio Relay System. 

By: G. Dawson, L. L. Hall, K. G. Hodgson, R. 
A.Meers and J. H. H. Merriman. 

Date: 16 March. Time: 7.30. p.m. 

Held at: R.A.E. Technical Col'ege, Farnborough. 

Lecture: A Transatlantic Telephone Cable. 

By: M. J. Kelly. Sir Gordon Radley, G. W. 

Gilaman and R. J. Halsey. 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: 8 March. Time: 5 p.m. 
Held at: The Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, London, 
. 


Lecture: Some Non-Linear Magnetic Devices and 
their Application to Telecommunications. 
By: J. W. McPherson. 


THE INSTITUTE OF PHYSICS 


Date: 24 March. Time: 6.30 p.m. 
Held at: The Institute’s House, 47, Belgrave 
Square, London, S.W.1. 
Lecty-e: Recent Developments in Ultrasonics. 
By: E. G. Richardson. 
Midland Branch 
Date: 17 March. ime: 5.15, p,m, 
Held at: The Physics Department, University of 
Birmingham. 
Lecture: Electronic Musical 
By: K. A. Macfadyen. 


THE TELEVISION SOCIETY 
Date: 10 March. Time: 7 p.m. 
Held at: The Cinematograph Exhibitors’ Associa- 

tion, 164 Shaftesbury Avenue, London, W.C.2. 
Lecture: Distributed Amplifiers. 
By: W. S. Percival. 


Instruments. 
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PUBLICATIONS 
RECEIVED 


NRDC BULLETIN is a quarterly review of 
inventions available for introduction to industry, 
published by the National Research Development 
Corporation, 1 Tilney Street, London, W.1. 


A REVIEW OF PRODUCTIVITY IN THE 
DIESEL LOCOMOTIVE INDUSTRY is the 
fifteenth in a series dealing with productivity in 
various industries. Its main purpose is to 
examine the steps taken by diesel locomotive 
manufacturers in recent years towards a fuller 
use of their resources of equipment and labour. 
The British Productivity Council, 21, Tothill 
Street, London, S.W.1. Price 2s. 


BOWATERS BUILD A MILL IN TENNESSEE 
is the latest chapter in the story of an expanding 
organization that serves five continents. The 
Bowater Paper Corporation Ltd., Stratton 
Street, London, ; 


AUTOMATIC PROTECTION OF AC. CIR- 
CUITS by G. W. Stubbings is the 4th edition 
of a book first published in 1934. It has been 
completely revised, and the chapters dealing with 
relays and protective systems and the glossary 
of protective gear engineering terms have been 
re-edited. Chapman & Hall Ltd., 37 Essex Street, 
Strand, London, W.C.2. Price 50s. 


ZONAX, FERRAX, KLEENAX, KLENEWELL 
and UNIMAX are the titles of five pamphlets 
covering the comprehensive range of Canning 
metal cleaners developed specifically for the elec- 
troplating and metal finishing industries. These 
cleaners are intended for the removal of grease 
or oil left on surfaces after machining, stamping, 
spinning, pressing or polishing. W. Canning & 
Co Ltd, Great Hampton Street, Birmingham, 10. 


A SERVICE TO INDUSTRY is a booklet which 
briefly describes the organization and work at the 
factory of C. Robinson & Partners Ltd at Cheadle, 
Cheshire, which produces electronic controls and 
instruments. C. Robinson & Partners Ltd, 287 
Deansgate, Manchester, 3. 


ALKYD MOULDING COMPOUNDS are a 
selection of leaflets describing the Plaskon Alkyd 
moulding compounds which Resitruous Chemicals 
Ltd. are manufacturing in this country under 
licence from the Barrett Division, Allied Chem- 
icals and Dye Corporation, Toledo, Ohio. 
aie” Chemicals Ltd., Blaydon, County Dur 
am. 


NIMONIC 90 FOR SPRINGS is a recent data 
sheet published by Henry Wiggin & Co Ltd and 
presents, in convenient form, tabular data for 
the designer. The Nimonic series of high tem- 
perature alloys have, for many years, been the 
standard materials for moving blades in gas tur- 
bines. eir use in other fields, however, is 
rapidly extending where high strength at high 
temperatures is required. Typical of such appli- 
cations is the use of Nimonic 90 for springs 
operating at extreme temperatures. Copies of this 
data sheet are available from the Publicity Depart- 
ment, Henry Wiggin & Co Ltd, Thames House, 
Millbank, London, S.W.1. 


PRACTICAL LESSONS IN METAL TURNING 
AND SCREWCUTTING by Percival Marshall is 
a revised edition of the original published some 
five years ago and is mainly intended as a guide 
to the methods of using lathes of the kind usually 
found in the workshops of general engineers, 
cycle and motor repairers, instrument makers. 
model makers, and amateurs. Percival Marshall 
& Co. Ltd., 23 Great Queen Street, London, 
W.C.2. Price 3s. 6d. 


PICTURE BOOK OF TELEVISION TROUBLES 
is the first in a series of volumes which reports 
the results of fault finding in receivers in the 
John F. Rider Laboratories, New York. John F. 
Rider Putlisher, Inc., 480 Canal Street, New 
York 13. Price $1.35. 
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Why Ediswan Glix P.T.F.E. 
Valveholders are widely used 
in B.B.C. Television equipment 


Large quantities of Ediswan Clix P.T.F.E. Valve- stringent valveholder applications. 

holders are used in B.B.C. Television equipment. Ediswan Clix P.T.F.E. Valveholders are fully 
Only the combination of the finest insulation— type approved for Services Grade 1, Class 1 con- 
P.T.F.E., the most efficient contact material + ditions. Full details of these valveholders and 
Berylium copper — and Ediswan Clix design and other components in the Ediswan range are given 
manufacture can match the requirements of in catalogue CR.1681. Manufacturers and 
efficiency and reliability in this and all other Development Groups may have a copy on request. 


EDISWAN 


CiLiXx 


RADIO, TELEVISION & ELECTRONIC COMPONENTS 


THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.1. Group of Companies 
155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent. London 
CR3 Radio Components Sales Office: 21 Bruton Street, London, W.1. Telephone: Mayfair 5543 
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... Automatically 


The Burgess Door Interlock § The Burgess Automatic Door Interlock Switch was developed for the 
Switch with Four Automatic 


Features. reliable protection of personnel working with cabinets containing dan- 


% Switch plunger is depressed = gerous voltages. When the Switch plunger is pulled out the service engineer 
equipment is alive and operative. can work with full power on and the door open. Door closed—plunger 


Switch plunger is released when automatically in operation again. Door open once more—power off. 
® the door is opened—the equip- . : ° 
ment is safe and inoperative. So, even if the engineer forgets to restore the plunger, the next man is safe. 


yx Pullout the Switch plunger Essential for radio, radar, electronic controls, switchgear, and other 


when the door is open—the . 
equipment is alive and ready for dangerous voltage equip ment. 
the Service Engineer. 


Close the door after the Engi 
* het Salted-0dl gedmeton bs See this new Switch demonstrated 


restored without touching the on our Stand No. 214 at the Electrical 
Switch. Engineers’ Exhibition, 1955, Earls 
Send for leaflet MS.13/E. Court, London, March 15—19. 














=) Automatic 
DOOR INTERLOCK SWITCHES 


Industry’s Automatic Choice 


BURGESS PRODUCTS COMPANY LIMITED, Micro Switch Division, 
Dukes Way, Team Valley, Gateshead, II. 
Telegrams : Micro, Gateshead, |/. Telephone : Low Fell 75322 (3 lines). 


ELECTRONIC ENGINEERING 64 











BOGE (ord:)-17-\ 4 
ENGINE-ALTERNATORS 


E.C.C. PATENTS 





“NO-BREAK SET WITH CONTROL CUBICLE. 


These NO-BREAK Alternator Sets are arranged to operate in conjunction with existing A.C. mains to provide a continuous 
A.C. supply for essential services such as telecommunications, etc. Normally the vital service is fed from the supply mains 
and, under conditions of mains failure, from the diesel driven alternator set. 


Under normal conditions the A.C. mains supply power direct to the load, the alternator operating .as a synchronous 
motor driving a fly-wheel, with the diesel-engine stationagy. Under mains failure conditions the alternator is driven 
by the diesel-engine to supply power to the load. On restoration of the ordinary supply mains the alternator synchronises 
automatically with these mains, the diesel-engine is again disconnected and the alternator operates as a synchronous motor. 


Each set incorporates a Lister FREEDOM diesel engine and an E.C.C. synchronous induction motor/alternator. E.C.C. 
patent static excitation and control unit is incorporated in the control pillar. 


E.C.C. patent ECCOSYNE automatic synchronising unit is provided for re-connecting the alternator to the mains on 
mains restoration. These sets ensure a continuous NO-BREAK supply both in attended and unattended stations. 


Brochure B.1739—available om request. . 


ESTABLISHED 1882 


THE ELECTRIC CONSTRUCTION COMPANY LTD. 


: Head Office and Works: 
TELEGRAMS : BUSHBURY ENGINEERING WORKS TELEPHONE : 


EQCQC ELECTRIC WOLVERHAMPTON _ WotverHamPTON E C 


N 21455 ES 
WOLVERHAMPTO! E N ¢ LAN 8) (7 LINES) or 
Manufacturers of Rotating Electrical Machinery, Switch and Control Gear, Rectifiers and Transformers, 
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A RETAINER 
SAVES TIME ... 
... AND MONEY* 








THAT’S WHY THE 


Kiclvinator 


POLARSPHERE 
INCORPORATES 


SALTER 


Tee 


"mba shakes int le am ii a es aa a F 

1 1 

' Te Geo. Salter & Co. Ltd., West Bromwich. : IRIE AVAIL IN| IE IRS 
Please send details and samples of Salter Retaining 


— | UOCGCGCOY | 


IF YOU WISH TO SOLVE 
| YOUR FIXING PROBLEMS 
! het eiee: Citowr oe | 2 ST, Se Fees Tae 
! ere ' COUPON FOR _ DETAILS 














eee 





GEO. SALTER & CO. LTD., WEST BROMWICH 





ELECTRONIC ENGINEERING 66 MARCH 1955 








































































































C ic Tubular Trimmer 
_sat 
Yq"\DIA. 
! 
x, tia 
.) 

eet ~| 

1 S| | 

| I 

_ 
With spring-clip. Without spring-clip. 
Rated voltage an ie De a 500 V-/350 V w 
Testing voltage gate ee se z0 750 V— 
i Dé D 90 
Material P 100 N 750 
Length L. ai ay) aa .. Mm, 12 16 12 16 
Regulating capacitance 3 15 
C min. /C max. fF ae pais pF 0.5/3 1/5 3,10 4 20 
Loss factor in 1|O—* tgd 2 
for © max. at | Mc and 20° C. oi * 
Reactive current ae es 6 A 0,3 
Insulation resistance WF ... Ohms <l0" 
Admissible dissipation re sen TO 120 
? 
TUBULAR TRIMMERS IN SPECIAL CERAMIC MATERIALS 

Several types designed for greater stability to shock or vibration. Smaller, lighter, easier to mount, readily adjustable. 











(ST\ STEATITE INSULATIONS LTD. 


25, Somerset Road, Edgbaston, Birmingham, 15. 
Tel : EDGbaston 3990. Telegraphic Address : ‘‘ Steatite, Birmingham, I5.”’ 
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Precision 
Cathode Ray 
Tubes 


Double Beam Tubes 
Series D.6 and D.4 


These tubes employ two inde- 
pendent electron guns. All eight 
deflector plates are separately, con- 
nected and interplate screening 
ensures complete absence of inter- 
modulation. The traces can be 
superimposed and each gun has a 
useful screen area of at least 100 
mm. 80 mm. Independent 
connections to each grid, cathode 
and focus electrode permit optimum 
conditions of operation for each 
gun and each of the beams may be 
brightness modulated. Sweep 
speeds of 100 cms./usec. may be 
recorded using the D6B or D4B. 


















































Type... aoe - _ D6 D.4 
Diameter ae po sau 6 in. 4 in. MANUFACTURERS 
Overall lengths (mms.) ek 480 370 OF PRECISION 
“Sensitivity ... .. | X | 700 | 490 CATHODE RAY TUBES 
| | AND 
.|V.x VA, ... we Y 700 | 350 
Besa. Soniease Pa 3S Binerad GEIGER COUNTER 
Y capacity oon ie wd 4upf | 4uyf TUBES 
Heater volts... 6.3 6.3 
ee oe Poe 
Peo la EL 
VA, (VA;=2KY) volts... 300 | 300 
Vg for cut-off (average) kas is | oes 
Drive for 20ua Ip bs -» | 20v 20v 
Screens: 
D6B — Blue for photographic or visual use. 
D6G — Green for visual observations. 
D6P — Medium persistence. 
D6F — Fluoride. Long persistence. 
D6D — Double screen. Long persistence. 


20% Century 
Electronics Limited 











20th CENTURY ELECTRONICS LTD. 
Telephone : Lodge Hill 2121. 


CENTRONICS WORKS - KING HENRY’S DRIVE 
NEW ADDINGTON - SURREY 
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CONSISTENCY OF PERFORMANCE 


From Equatorial Africa to the 


3y North Pole..in two hours! 










Not a new record in modern travel . . . but a routine “climate 
tolerance” test for Welwyn Resistors. In two hours they are subjected 
to both extremes of climate—the sticky heat of the tropics and a 
biting, arctic cold. Though such a drastic change is unlikely in 
actual service, the test is an important one: its speedily 
calculated results, we have found, are equal to those obtained 
after long periods of exposure to a tropical climate, 
with its humid, super-heated days and bitter nights. 


This is just routine at 

Welwyn Laboratories— 

but is nevertheless a fine 

example of the unflagging 

“quality control” exercised at 

every stage of manufacture of our 
products. 


MANUFACTURERS OF 


ELWYN 


ELECTRICAL 
COMPONENTS 


WELWYN ELECTRICAL LABORATORIES LTD - BEDLINGTON - NORTHUMBERLAND 
Welwyn Products include: Vitreous Enamelled Wire 
On Admi », Mini. Si aa. js 
in Admiralty, Ministry of Supply (a.1.D. Approved) and Post Office Lists Waa Sehicate::« Denice eek. Senin tetas 
Stability Carbon Resistors - Welmeg Ultra High Value 
Resistors - Toroidally Wound Power Potentiometers - 
Wire Wound and Carbon Composition Potentiometers 


Precision Wire Wound Resistors. 
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Carbonyl Iron Powders are recommended 





for magnetic cores in communication and 






electronic components on account of their 






low eddy-current and hysteresis losses, 
particularly when high Q factors and 
absence of non-linear distortion arc 








important design considerations. By 






selection from the various grades avail- 






able, excellent performance can be 






obtained over a range of frequencies 
trom §00 c/s to §0 mc/s. 








Typical applications of Carbonyl tron Powders: 





Or 








\lagnetic cores 






for Radio and ‘] Siaili, —_" - e 

y a ere Etched section of a particle 
of grade ME carbonyl 
iron powder, obtained by 
replica technique with elec- 
tron microscope. X 20,000. 






Television, includ 
ing IF transformers 
and tuning inductors 









Toroidal and shrouded 
cores for carrier tele- 
phony. 












Magnetic cores for permeabil- 
ity tuning, and for aerial and 
direction finding inductors. 








, Toroidal cores for telephone 
The properties and uses of these powders loading and filter coils 


are fully described in this new publication 
which will be sent free on request. 





THE MOND NICKEL COMPANY LIMITED 


SUNDERLAND HOUSE « CURZON STREET - LONDON .« W.1. 





wt 
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NO INTERACTION, 
Identical Amplifiers 
20mV/cm at 4 Mc/s 





ual-trace 


BY MULLARD 



















Mullard 


oscilloscope 


After considerable research and development Mullard 
introduce the L.101 oscilloscope—a well-engineered and 
reliable instrument with dual trace facilities, and accurate 
time and voltage calibration. 


Two separate amplifiers and a high speed electronic switch 
operating during the fly-back cycle are used to display two 
input signals on a conventional cathode ray tube. This 
arrangement provides a complete uninterrupted sweep on 
each channel alternately, and ensures freedom from inter- 
action between the two amplifier channels. 


The two amplifiers are identical and have a constant band- 
width of 4 Mc/s irrespective of sensitivity. They are 
aligned for good transient response and have a rise time of 
0.1lusec. Each amplifier has a maximum sensitivity of 20 mV 
peak-to-peak/centimetre. 


A Miller time base is employed, which may be free-running, 
synchronised or triggered. Its velocity is continuously 
variable between 0.lusec/cm and 10msec/cm. Both time and 
voltage may be measured by the nul method and a well- 
regulated power supply preserves calibration accuracy. 

’ 


Further information on the operation and performance of 
this new oscilloscope and other Mullard instruments is 
readily obtainable from the address below. 









SPECIALISED ELECTRONIC EQUIPMENT 


MARCH 1955 
K 


MULLARD LIMITED - EQUIPMENT DIVISION 
CENTURY HOUSE + SHAFTESBURY AVENUE - LONDON - W.C.2 


(M1456) 
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/ 
See what you measure + 


The system is based on the use of unit instruments housed in cases of modular 
i ions, each unit case being provided with holes arranged for its easy 
attachment to a neighbouring case with bolts. Thus may be built up a 
flexible assembly of co-operating instruments to fulfil a number of specific 
requirements yet capable of being easily changed to meet altered circum- 
stances. Adequate ventilation of individual units is assured by the design 
of frame members. Few problems requiring Cathode Ray Display cannot 
be met by the Unitel System which is extremely versatile by virtue of the 

assembly method employed. 
Cathode Ray units form the basic means of display and are available in 
single, double or four channel models each of which provides a self-contained 
wer supply feeding the necessary potentials to the C.R.T. These Cathode 
units are available separately. A 10 in. C.R.T, unit can be obtained 

for lecture demonstrations. 


MULTI-CHANNEL D-C AMPLIFIERS 





NAGARD UNITEL SYSTEM 






A Camera unit is available for either single shot or continuous film working. 
Time Base units for either single, double or four channel working and 
covering a wide range of cablibrated sweep speeds are available for coupling 
to C.R.T. units. 

Y Deflection Amplifiers are also available in a wide variety of performance 
ranges each amplifier being complete with power supply. Careful design of 
multi-channel amplifiers enables the number of units required and the space 
occupied to be reduced to the minimum. Single, double or four channel 
workings are available ; six or more channels can be provided if necessary. 
A typical trolley-mounted two channel installation is illustrated. This 
assembly has two sets of double channel D.C. amplifiers giving alternative 
conditions of high sensitivity or wide band up to 10 mc/s. 

A wide range of units is available from current production ; special purpose 
units can be developed to meet almost any display problem. 


The Unitel Installation grows with you 


NAGARD 
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18, Avenue Road, Belmont, Surrey 


ViGilant 0345 
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=| 
Marconi Surveying | 


LEFT. Balloon operations 
on the Ipoh- Telok Anson 
route in Malaya. 


RIGHT. The masi is up 


Before planning any communication system, and and the motor generator 
P “ ‘ j is running during the su 
particularly a microwave or V.H.F. multichannel ee { of the . roti th pia 





channel system. 

BELOW. The V.H.F. 
mobile survey team erect their 
mast. 


system, a survey of the propagation conditions 
over the proposed path or area is essential. 
Similar, but less exhaustive surveys, are also 
necessary before planning V.H.F. mobile systems. 
Such surveys are undertaken by Marconi’s, 

one of the very few radio manufacturers who ‘ 
do so. The teams engaged in the work may be 
called upon to operate in desert, swamp and 
jungle, over which line and cable routes ; 
would be impractical, on windswept moorlands ™ 
or in densely populated city and surburban areas. 
Surveys are being, or have already been carried 
out all over the world, including: Uganda, Kenya, 
Tanganyika, Nigeria, Gold Coast, Tangier, Azores 
Norway, Turkey, Greece, Malaya, Ceylon, 

West Indies, Sweden, and also, of course, in Britain. 










Over 80 countries now have Marcont-equipped telegraph and 
communications services. Many of these are still giving trouble-free 
service after more than twenty years in operation. 


Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 


Surveyed, planned, installed, maintained 





MARCONI’S WIRELESS TELEGRAPH CO., LTD., CHELMSFORD, ESSEX » LC 10 
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Our photograph shows two views of ‘a 
component which comprises two metal diecastings 

joined together and yet completely insulated from each other by a 
plastics moulding. No seeping of moisture can be tolerated and the 
placing of the inner component must be extremely accurate. 

This tricky problem solved by our technicians, the resulting 
assemblies go to play their part in an electro acoustic instrument 
of great intricacy. 

National Plastics development engineers and product designers are 
ready at all times to collaborate with potential users of moulded 
plastics. The list of new applications developed and put into 


production in recent months is most impressive. 








NATIONAL PLASTICS (Sales) LTD. 
SALES ORGANISATION FOR BRITISH MOULDED PLASTICS LTD. 


Avenue Works : Walthamstow Avenue ; London, E.4 
Telephone : LARkKswood 2323 
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An outstan din g Justly acclaimed as Britain’s finest 
post-war communication receiver 
the BRT 400 D is in widespread use 
| by Military, Post and Telegraph and 
y enera purp 0 SN ¢ Broadcasting authorities throughout 

the world. 
| : t] Combining first-class performance 
COMMUNICA 10on with a wide range of facilities, the 
| BRT 400 D is equally suitable for 
both narrow-band telegraphy and 


& 
recelver wide-band telephony reception— 


with a very high standard of 
reliability. 


It is available in either cabinet or 


~~ 





rack mounting form, with a 500 kc/s 
crystal calibration unit as an op- 
tional extra. Normal operation is 
from an A.C. mains supply: an 
auxiliary power unit is available for 
12 volt battery operation. 








SIGNALJNOISE RATIO 


Standard input for 20 db:— OUTPUT CIRCUITS 


f s a 9 
| SRO 
SHORT SPECIFICATION = 
BAND COVERAGE OVERALL FIDELITY = 
0.150—0.385 Mc/s | : Less than 2 db down at §0 c/s = 
0510-300 Mele in 6 bands Less than 6 db down at 5,500 c/s = 
t = 
SENSITIVITY A.G.C. CHARACTERISTICS = 
2% dea 1.0uV for 1.5 watts output, over the whole Output constant within 3 db for 100 db change in 5 
: signal input. = 


ead 








Fe TUTTI TIT MUTUITUITITTMTUTM UMMA MUO 


1.3—30.0 Mc/s ke on we < 7.0nV At 2.5 or 15 ohms a ae + 2.5 watts 5 

p: Ss |) Be ee eee El 
SELECTIVITY = 

Six switched bandwidths :— POWER SUPPLY = 

0.5 kc/s .- 1.0 kc/s 2.0 ke/s 95—130 and 195—250 volts, 40/80 c/s. Also from = 

D 5.5 kc/s 9.0 ke/s 13.0 kc/s 12 volt battery, using BRT 4o1 auxiliary power unit, = 
: j = For the full specification please send for a copy of publication BC2084. = 
"4 aN 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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at 
PAINTON 
a 


Ly Yppoinlment Lo lhe Ropessional Engineer 


PAINTON “MULTIGON” series 


6-POLE PLUGS & SOCKETS 





“MULTICON—Regd, Trade Mark 


VOLTAGE RATING 500 volts 
D.C. or A.C. Peak 


CURRENT CARRYING CAPACITY 
5 amps. D.C. or A.C. (RMS) per contact 





Although in general the new Painton ‘‘ Multicon °’ Series of Plugs and Sockets will 
be interchangeable with the existing Painton range, the 6-pole Plugs and Sockets have 
two contacts polarised to eliminate the possibility of ‘wrong-way-round’ insertion. 
In the 6-pole size (as on all other ‘‘ Multicon ’’ sizes when available) there is a 
complete variety of Plugs and Sockets with alternative mounting arrangements, 
cable fixings and retaining devices. The “‘Hammer-finish’’ silver-grey covers will 
blend with all equipments. 

A low and constant contact resistance is achieved with the heavily silver-plated 
split contacts. 

Any possibility of free moisture remaining between the Plug and Socket face is 
prevented because spacers keep the pacer, slightly apart, even when the Plugs 


and Sockets are fully engaged. The patented method of securing both the male and 
female contacts in the mouldings ensures the satisfactory operation of the Painton 
** Multicon 


range under severe tropical and climatic conditions. 









































PLUG SOCKET 
Cable Cable With Cable Cable | With 
Entry Entry | Mounting Entry Entry | Mounting 
Top Side Flange Top Side Flange 
310009 | 310018 | 310007 310008 | 310029 | 310006 
FITTED WITH FITTED WITH 
LOCKING CLIP LOCKING CLIP 
311201 | 311292] — 311294 | 311295] — 











INTON 
octhampton Ongland 
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TYPE TF 1041 
FREQUENCY RANGE 
20 c/s to 700 Mc/s 


AND D.C. 





This, together with other new 
designs for 1955, is fully 
described in the 1955 

edition of Marconi 1955 (mascot 


Instruments Catalogue. 


MARCONI INsTRUMENTS 


SIGNAL GENERATORS - BRIDGES - VALVE VOLTMETERS - Q METERS - WAVEMETERS 
FREQUENCY STANDARDS - WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS - Telephone: ST. ALBANS 6160/9 


30 Albion Street, Kingston-upon-Hull. Phone: Hull Central 16144. 19 The Parade, Leamington Spa. Phone: 1408 


Managing Agents in Export: 
MARCONI’S WIRELESS TELEGRAPH CO. LTD - MARCONI HOUSE - STRAND - LONDON, W.C.2 


TC 60 
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SCALAMP FLUXMETER 


Excellent design and the selection of the most suitable materials are 
combined to give this new FLUXMETER a truly outstanding per- 
formance. The drift rate with a search coil of 10 ohms or less is 
0.1 per cent. A two speed “‘return-to-zero” control is fitted enabling 
measurements to be made with rapidity and ease. A spirit level and 
levelling feet facilitate setting-up and the automatic and manual coil 
clamps safeguard the suspension in transit. The illumination of the 
lamp bulb is effected either by an external 4-volt battery or by mains 
supply through the built-in transformer. Two search coils of mean 
diameter 1 cm and of area turns of 10 or 100 cm* turns are available. 


Please write for our descriptive leaflet quoting Cat. No. E.E. 8834 


ag 
SCIENTIFIC) 
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OUR NEW ILLUSTRATED CATALOGUE IS AVAILABLE ON REQUEST 


INSTRUMENTS 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 


WG.55 


MARCH 


1955 





fs 





BRR 


ee ee 


Sena sehen 














TTS TT 


eo 





RCT ES AR CI ET AIRE SBN TIT 





a. ~ene 





The case 
for *‘Castanet’... 


The problems of obtaining satisfactory 
time constants and at the same time 
keeping component bulk down to a 
minimum are all too familiar. These 
polarised miniature electrolytic capacitors 
—CASTANET by name— go all the way 
in removing what has for a long time been 
a thorn in the side of designers. A mere 
22 mm by 6 mm, with a capacity of 

50 microfarads and a D.C. leakage of less 
than one microamp at 70V., CASTANET 
capacitors are capable of operating over a 
temperature range of —60° C. to + 150° C. 
After shelf storage, without volts, at 70°C. 
for several thousand hours, the capacity, 
power factor and D.C. leakage current 


values show no significant change. 








Plessey 

















, 





The place 
for ‘Castanet’... 


The determination of the place for 
CASTANET is simple. It is anywhere 
where space is at a premium and essential 
characteristics demand stability of 
performance coupled with low leakage 
current over a very wide temperature range. 
The units are normally provided with a 

4 BA stud and anode tag. A silicone 
rubber grommet is available by means of 
which the units can be mounted on a 
chassis and connected in series or 

parallel, providing a range of working 
voltages and capacities. 

Time constants of the order of one hour 
can be obtained making the units ideal for 
very long period discharge circuitry, 

in addition to the more 


conventional applications. 


‘Castanet’ 


REGD. TRADE MARK 


Tantalum Electrolytic Capacitors 


Manufacturers are invited to write for 
Plessey Publication No. 659/1 which 
contains comprehensive details of the product. 


MARCH 1955 


79 


‘Castanet’ Electrolytic Capacitors are produced by the 
Chemical & Metallurgical Division of The Plessey Co. 
Ltd., Wood Burcote Way, Towcester, Northants. 
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4d NOW -1 range of 
‘CERAMIGAPS’ for your 
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=} Storage Unit! 


The LAB Continuous Storage Unit is widely acknowledged 
as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 


With the LAB Unit, research and experimental 
laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 


with card index simplicity from some 700 
sorted and carded components. Empty cards 


are merely replaced with full ones 

from stock. 
The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 
application. 





__ RESISTORS ae ‘ 
Ref. Type Loading 0 va Range Dimensions co NTI N U oO us 
Tt + watt + watt 250 to —e xh’ 
t 
li stewie | | STORAGE UNIT 
Tolerance available + 20%, 10%, 5% 
HIGH STABILITY RESISTORS 
HS3 + watt + watt 750 | ohm 
| | to a 3 | 1.1° x 0.1” i 
Tolerance available +5%, | 2% 1% * Continuous Storage for 
H Ss] 
5 ohms to 100K ohms — 5-10 watts Resistors and ‘Ceramicaps 
Tubulars 3 ao a Sean +2%, 10%, 
wc Si emenl tees % Values separately carded 














The Lab Continuous Storage Units are available from your normal source 


ef supply, but more detailed information can be obtained from * Finger-tip Selection 


THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS LONDON N.W.8 Telephone: Maida Vale 5522 
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Photograph by permission of Stone-Chance Limited 
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reliable Springs by 


From the high precision springs re- 

quired for the mechanism of a “lh, lh, “ll, “ith, ‘ill, Yih, itl "Olli, “ts 
lighthouse to the simpler counterpart ' 

in a hand torch, the right spring for j SALTER ' 1 
the job is essential to ensure perfect 

performance. When your springs are 
designed and made by Salter, they 
are just right—not the cheapest Ln “lle, Uhl tll, hl, Wit, Vhs lle, lle, ‘lite oll 
obtainable but fit to work for ever. 


Service to Engineers since 1760 


A tradition of quality in craftsmanship and materials is embodied in every Salter 
spring — you can depend on Salter for the right spring for the job. 


BIF, CASTLE BROMWICH, May 3—13, STAND No. D343/238. 


mms Geo. Salter & Co. Lid., West Bromwich 
M-W.397 
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RO Me SAA RIN A I 
| : : ENGINE INDICATOR 


_ 


The ME 112 Single-Channel Indicator is intended for test and development work on internal 
combustion engines, compressors and machines of all kinds. It has a frequency-modulated 
carrier amplifier for variable capacitance and inductance pick-ups and a drift-corrected direct- 
coupled amplifier for variable resistance pick-ups and strain gauges. 

A large flat screen cathode-ray tube of the post-deflection accelerator type is used and one of our 
Universal Cameras that take still, continuous feed and drum records is built in. 

Amplifiers are provided for applying crank-angle degree marks to the diagram and synchronisation 
can be effected by pulse, contact or photo-cell methods. This is a first-class Indicator for the 
expert Engineer or Research Worker. 

Write for our catalogues describing all our transducers, amplifiers, single and multi-channel 
Oscillographs and Indicators, Cameras, Auto-Developers and accessories. 


SOUTHERN INSTRUMENTS LTD 


CAMBERLEY SURREY 
Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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.. it is evident that BRIMAR 
high-grade cathode-ray tubes meet the 
most exacting specifications of television and 





electronic equipment manufacturers 
And detailed examination of the company’s resources and experience 


in this field reveal that BRIMAR introduced :— 

the first mass produced aluminised cathode-ray tube; 
the first flat faced tube ; 

the first 14” rectangular tube ; 

the first 17” rectangular tube ; 


the first 21” rectangular tube ; 


@ the first electro-static tube. 
Research and development to anticipate and meet the 
changing demands of the radio and electronic industries 


are integrated with modern manufacturing techniques in 
the production of BRIMAR cathode-ray tubes. 


—the people who know—for 
(¢ your future equipment 
requirements. 


Stondard Telephones and Cables Limited 


FOOTSCRAY - SIDCUP -: KENT. Telephone: FOOtscray 3333 
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BIF, CASTLE BROMWICH, May 3—13, STAND No. D343/238. 


Prepackaging 
need NOT 

be a 
headache 


~~ 


he 


} 
Semon 








——— = 

i 4 THE PREPACKAGING of 

a —~ electronic equipment calls for the skill 
and experience of the specialist. Salterpak are 

specialists, with wide experience in the field of electronics, 
This experience, plus the all-round efficiency of the Salterpak 
organisation, keeps prices remarkably keen—write for 
details of Salterpak service, which includes collection, 
packaging, clearance of all documents, and shipment to 


any part of the world. sx SAFER . QUICKER - CHEAPER 











| 
(Ministry Approved) 


The Prepackaging Division of 
GEO. SALTER & CO. LTD., WEST BROMWICH 
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The day’s output, including much 
electronic equipment at No. 2 Factory. 


SPECIAL STORAGE 


The Ministry of Supply now require all 
electronic equipment and_ packing 
materials to be stored, prior to packing, 
in a temperature controlled chamber of 
low relative humidity. 

We have installed special plant to meet 
with this important requirement. 








M-W.392 
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Frequentite is the most suitable insulating material for all high frequency 
applications. . Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office : Stourport-on-Severn, Worcestershire. Telephone : Stourport Ill. Telegrams : Steatain, Stourport 
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**We can straighten out 
your knottiest problems."’ 


-THE SUPERFLOCTOPUS 













aM | | | 
hie =v I 4 q sal f 
MP Gar LJ i. [ 
sec wai A | ] | z 
i ig as pv ‘ rca Y ‘ 
pe 4 | | 
Me, Eg envy | ep | 1 J 4 
ng "a 


iy 


\. FLEXIBLE 
TUBING 


For the conveyance of all 
hydrocarbon fuels and oils, 
suds, oil-borne and water- 
borne coolants, gases etc. 
Suitable for pressure or 
vacuum. Ideal for Machine- 
Tool Hydraulic feeds. Sup- 
plied, complete with suitable 
end fittings, in required 
lengths and bores. 
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ELECTRICAL 
CONDUITS 


Oil-proof and waterproof 
Flexible Electrical Conduits 
are made in a range of 
standards suitable for all 
electrical purposes where 
perfect protection is desired, 
with maximum flexibility 
and current continuity. 

Insist on the Flexible Tubes 
with the 25 year reputation 
for quality— 















Write stating your require- 
ments to Dept. EE 


4 SUPERFLEXIT 


LIMITED 


TRADING ESTATE +» SLOUGH + BUCKS ° Tele. SLOUGH 2456! (5 lines) 
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TIME INTERVAL METER 


Type (71 








Ranges: 0-60 seconds, 0-30 seconds, 0-6 seconds, 0-3 seconds, 
0-600 milliseconds, 0-300 milliseconds, 0-60 milliseconds. 


Accuracy: + 3% of half scale deflection of the meter, +3 
milliseconds. 


THIS instrument which is compact and portable (13” x 9” x 6”), enables 

accurate measurement of time intervals between 10 milliseconds and 
60 seconds to be made. The versatility of the timer renders it particularly 
‘suitable for measuring the time delays of relays, contactors, and other 
types of switches, whilst the design is such that the integration of a number 
of short time intervals may be made over a relatively long period. When 
used with the Airmec Photocell Equipment the instrument may be operated 
by the interruption or reflection of a light beam. 


Write now for full details to : 


AIRMEC LIMITED 


HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND 


Telephone: High Wycombe 2060 Cables: Airmec High Wycombe 
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ALL-POWER 


REGULATED POWER SUPPLIES 





SERIES 500 


An entirely new range of units, designed 
for the highest possible performance 


and overall efficiency. 


Now in large scale product 
available for prompt delivery. 


ion and 





Model 501 


(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 




































































Data Model 501 | Model 502 | Model 503 Model 504 Model 505 
Output 200-500V | 200-500V | 0-500V 0-500V 0-500V 
250mA | 250mA | 250mA 250mA 150mA 
ws Number of Ranges 2 | 2 | 4 4 ] 
c3 Voltage Stabilization +0.02% | +0.002% +0.1% +0.002%, +0.1% 
a 
=m | Chective — 020 | 0.020 052 0022 | O59 
Output Ripple (rms. max.) 2mV | ImV 3mV ImV | 3mV 
Outputs — | state 250V 25mA 250V 25mA | 250V 25mA 
>. 0—250V ImA | 0—250V ImA | 0—250V ImA 
33 Voltage Stabilization a aie +0.05% +0.002% | 40.05% 
> Output Resistance (max.) — — 1Q 0.01.2 1Q 
Output Ripple (rms. max.) — a 2mV ImV 2mV 
Unstabilized +VE 470V 470V 320V 320V 
H.T. Supply 250mA max. 630V 630V 470V 470V 630V 
630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price |. S-- 4. ae £99 £75 











STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 


Polished hard-wood reinforced end frames 


Steel instrument case of new 
PRICES. 


ELECTRONIC ENGINEERING 


design 


; CHERTSEY ROAD, BYFLEET, SURREY. 
Tel. : BYFLEET 3224/5 


88 


Prices are quoted net ex works and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. 


£1 15 0 per pair 
£4 10 0 each 
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THE AUTOMATIC COIL WINDER & ELECTRICAL 
WINDER HOUSE DOUGLAS STREET LONDON SW.1 
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QUIPMENT CO. LTD. 
HoGONE ViCtoria 3404—9 avocer 
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Designed Jor Continuous Service 


ATE/TMC transmission equipment is designed to offer an operating adminis- 
tration the maximum facility in installation and in subsequent maintenance 
routines. A bayside can be unpacked, carried, erected and equipped by one 
man if necessary. Panel frames, fitted with quickly detachable functional units, 
are of the “‘jack-in”’ type, an arrangement which ensures the most rapid form 
of servicing yet devised. Further information is contained in the brochure 
“Unit Construction Practice’? a copy of which will be forwarded on request. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


Radio and Transmission Division, Strowger House, Arundel Street, London, W.C.2. Telephone: 
TEMple Bar 9262. Cables: Strowgerex London. Manufacturers: AUTOMATIC TELEPHONE & ELECTRIC 
Co. Ltp., Liverpool and London. TELEPHONE MANUFACTURING Co. Ltp., St. Mary Cray, Kent. 





AT 8531-BX 105 
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We are the only manufacturers offering a complete 
range of axial and centrifugal blowers especially for ok 
the electronics and allied industries. There are axial nt 
types with fan diameters from 2” to 8” and centrifugal 
types from 1}” to 8’. 


Into all our small blowers is built the experience 
ained in ten years’ active participation in this field— 
p see which time we have supplied more than 25,000 pagee aniiae mes cian 
blowers for air cooling electronic equipment. And C15-ME., or Admiralty Spec- 
behind all our products stands many more years of _ ifications. Fan diameters 2’ to 8” 
experience in every sphere of industrial ventilation (axial) and 1}” to 8” (centrifugal). 
and air control. Wherever air has to be filtered, Compactness with Maximum 
cooled, conditioned or treated in any way there is an 
(2B) Product for the job. Output. 





Why not write us Topay for full details? 


Rir Control Installations Limited 


RUISLIP : MIDDLESEX * RUISLIP 4066 (8 lines) 
Birmingham Manchester Newcastle-on-Tyne Glasgow 


MEMBER OF 
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Inter-~unit 
connectors for 
4 to 25 contacts 











RIVETED INTO COLLAR 




















FLOATING PIN 
WITH FLATS TO 
PREVENT ROTATION 








TIN. DIPPED AFTER BEING 
RIVETED INTO COLLAR 


SLOTS CLOSED 
AND SOCKET 
HARDENED 


SOCKET FIRMLY 
RIVETED INTO 
MOULDING 























LIST NO.. | PINS | BODY SIZE 
L.653/P&S 4 | 1.7/16” x 13/32” 
This popular range owes its origin Lee ° tet Seancal of high grade brass silver-plated. 
L.655/P&S 12 14” x 27/32” 
to a very successful Government L.656/P&S | 18 2” x 27/32" Hard gold-plated pins for improved 
development contract, and Unitors L.657/P&S 25 13” x 1.3/16” shelf life will be available shortly 





are now widely used to facilitate 
the uncoupling of sub-assemblies for servicing or 
replacement. They conform to R.C.S. 321 and have 
A.1.D., A.R.B. and Joint Service approval. Each 
coupling consists of a block of plugs and one of 
sockets, arranged so as to be non-reversible. Bodies 
are moisture and tracking-resistant, being moulded 


from a nylon-filled phenolic material. Pins are 


Working volts: 500V. Peak, pin to pin. 


as an alternative finish. Pins carry 3 
amp, but each block has two larger pins carrying 


10 amp each. All pins are fully floating. Sockets are 
of differentially hardened beryllium copper ; solder 


spills of both plugs and sockets are slit to facilitate 
soldering. All plugs and sockets are numbered on 
both sides of the moulded body. 

U.K. Pat. 649,739. French Pat. 990017. Swiss Pat. 277799. 


Die-cast light alloy covers for ‘“UNITORS’ are now available 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 
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A simple optical system 
for Television Projec- 


VITAL TO THE 
ELECTRONIC ENGINEER 


mirror. 

(B) Cathode Ray Tube. 
(C) Schmidt correction 
plate. 

(D) Focusing and deflec- 
tion coil. 















SSS 


ap ALA lem og 

%& _SPEEDIVAC’ Rotary % CATHODE RAY TUBE 
Pumps with safety non- ALUMINIZING PLANT. 
return valves. A complete A specially designed, self- 
range of models covering contained unit with unique 
many vacuum ranges and neck and stem gripper device 
pumping speeds. Also a for the aluminizing of 
range of vapour traps, valves fluorescent screens. 


and connections available. 
% (SPEEDIVAC’ HIGH % ALUMINIZING PLANT. 
SPEED MINIATURE For front surface mirrors 


VAPOUR PUMPS. A photo-sensitive mosaics, 
complete range of oil and H.F. crystal electrodes, 
mercury models with integral filters and many other 
booster jets and baffle valves electronic devices. 


available. A special Booster 

range for high speeds in the * HIGH VACUUM 

industrial range also avail- MEASURING _~ INSTRU- 
MENTS. For every type of 


able. 

* FAST ‘HARD’ PUMPING system with single or multi- 
SYSTEMS. Ranging from point direct indication or 
simple bench units to large permanent’ recording 





automatic systems. facilities. 


gn VAG SCY, 





& co. (LONDON) LTO 













MANOR ROYAL - CRAWLEY - SUSSEX 


Ride 
CRAWLEY 1500(lOlines) EDCOHIVAC CRAWLEY \ by IIE OOS, BRANCHES: GLASGOW & TORONTO. AGENTS THROUGHOUT THE WORLD 





Precision Ground Glass Balls 
@ Non-conducting. 
@ High surface polish. 


@ Available from 0.070’ diam. upwards. 
@ Sphericity to 0.0003” on large and 0.0005” 
on small size balls. 
Solid Glass Beads (Ballotini) 
Range 0.10 mm. to 10 mm. diam. 
Glass Beads for fusing wires into 
** Headers ”’. 
Indicator Glasses for electrical equipment 
from }” to 2” diameter. 








Specialists in small glass mouldings Telephone : Leicester 23481-2 


THE ENGLISH GLASS CO. LTD., EMPIRE RD., LEICESTER. 
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RELIABLE 





VERSATILE 





EASY TO 
MAINTAIN 









V.H.F. 
Type 125/126 


BRITISH COMMUNICATIONS 


CORPORATION LIMITED 


” Second Way Exhibition Grounds, Wembley, 


Middlesex. Telephone: Wembley 1212 
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SOLDERING INSTRUMENTS 
and ALLIED EQUIPMENT by 


AIDCOLA, 


ME PR OOUETS Limited |} 


(Regd. Trade Mark) 


TRADITIONAL BRITISH QUALITY 


British, U.S.A., Canadian & Foreign Pats. 


Registered Designs, etc. 






¢" Dia. 
Reg. Design vETACHABLE 
PROTECTIVE BIT 
SHIELD INSTRUMENT 
List 68 List 64 


As illustrated 


SUPPLIED FOR ALL VOLTAGES. 
DESIGNED FOR FACTORY BENCH LINE 
ASSEMBLY RADIO, T.V., DEAF AID, ETC. 


HEAD OFFICE, SERVICE AND SALES 


ADCOLA PRODUCTS LTD 


GAUDEN RD., CLAPHAM HIGH ST., LONDON, S.W.4 
Phone: MACaulay 4272 
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DUAL POTENTIOMETERS 


SILVER-PLATED 
CONNECTING TAGS 


POSITIVE LOCATION 





@ with concentric 
operating spindles 


Q.M.B. ACTION 
MAINS SWITCH 






OF FIXING BUSH 


ROBUST 
LOCATING LUG 







THOROUGH SCREENING 
BETWEEN SECTIONS 





KNOB LOCATION TO SUIT 
INDIVIDUAL REQUIREMENTS 


Designed primarily for television and elec- 
tronics applications these new Egen Dual 
Potentiometers incorporate all the outstanding 
design features— multiple contact rotors, 


smooth easy movement and freedom from wear | 


and noise—that have made the well-known 
Egen Type 102 Carbon Potentiometers so 
dependable in service. 

They are thoroughly screened between sections 
and a convenient soldering tag for earthing 
screened connections, etc. is provided on each 
metal case. Switch and potentiometer soldering ' 
tags are of high grade brass heavily silver 
plated for easy soldering; they are positively 
located and withstand soldering heat and 
bending without loss of rigidity. 

Control spindles can be supplied to suit cus- 
tomers’ requirements. 


The wide range of EGEN controls includes: Carbon 
Potentiometers Type 102° Pre-set Resistors Type 
104° Miniature Carbon Potentiometers Type 105 
and 115 * Sub-miniature Volume Controls Type I 11, 
123 and 125-T.V. aerial plug and socket’ Pre-set 
potentiometers Type 126/127. 


EGEN ELECTRIC LTD., Charfleet Industrial Estate, 





Canvey Island, Essex ¢ Phone: CANVEY ISLAND 691/2 
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Photo Fiash Equipment 
Deaf Aids 


Private Telephone 
Installations 
Amplifiers 


D.C. Power Units 

Spot Welding Equipment 
Test Gear 

Magnetisation Equipment 


You are invited to regard the TECHNICIANS 
at DALY as a part of your own technical staff. 
Non-standard components are invariably a source 
of worry, therefore the Electrical Industry find the 
DALY ‘“ made-to-measure ” service for individual 
requirements specially helpful and a great time-saver. 

For URGENT problems a telephone request 
will bring us post haste to your factory for consulta- 
tion without obligation—and you will find our 
readiness to help both valuable and economic. 


DALY ELECTROLYTICS for ELECTRONICS and 
COMMUNICATIONS ... MOTOR START... 
RADIO and T.V. ... are in great demand throughout 
the world ; send for appropriate pamphlet. 


DALY 


ELECTROLYTIC CAPACITORS 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS, 
THE GREEN, EALING, LONDON, W.5 


Phone : EALing 3127-8-9. Cables : DALYCON, LONDON 
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TRANSFORMERS 
DESIGNED TO 
SUIT CUSTOMERS’ SPECIFICATIONS 


RECTIFIER UNITS 
MADE TO MEET 
INDIVIDUAL REQUIREMENTS 
























BLICKVAC HIGH VACUUM & PRESSURE IMPREGNATORS 
POTTING RESIN PLANT and ELECTRIC OVENS 


A Blickvac Impregnator will enable you to give your » | 
Coils better insulation and a longer life and to meet the 
most stringent Specifications. 


Full range of Models available suitable for Varnish, 
Wax, Bitumen and Potting Resins. 


Special Features : 


@ Ease in control 

@ Ease in cleaning 

@ Elimination of Vibration 

@ Unequalled flexibility and performance 


@ Simple attachment of auxiliary autoclaves 





Users include: M.O.S., N.C.B., Marconi, Pye, Vickers- 
Armstrongs, G.E.C. and Metro-vick. 


Write today to:— 


BLICKVAC ENGINEERING LTD,, °c’ ‘ste St Jarrow, Co. Durkan is 


London Office : 96/100 Aldersgate Street, London, E.C.1. 
Associated with Blick Time Recorders Ltd. Monarch 6256/8 
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SPECIFICALLY DESIGNED FOR 
GENERAL EDUCATION IN 
SCHOOLS, COLLEGES AND 
UNIVERSITIES 


THE ‘1.D.L."’ RADIOACTIVITY 
METER is robust and simple to use and 
capable of making a wide range of 
measurements on beta and gamma 
rays. Also suitable as an inexpensive 


general purpose laboratory monitor. 









Illustration shows how the 
probe fits into rear of 
units for easy portability 









@ Trigger “flash”’ for iow count rates and checking purposes. 
@ Weston Meter Indication 0-50 counts/second. 


@ Adjustable E.H.T. 300-600 volts indicated on meter, for plateau measure- 
ments. 


@ Self-contained with probe and G.M. tube for beta and gamma counting. 


Full particulars from: 


ISOTOPE 


DEVELOPMENTS LTD. 






Laboratory and Works: 


BEENHAM GRANGE, ALDERMASTON WHARF 
Nr. READING BERKS 


London Sales Office: 


120 MOORGATE, LONDON, E.C.2 
Telephone: METropolitan 9641 (5 lines) 


Alcomax IV 


incomparable for 









Rotating Magnets 


Highly efficient rotating 

magnet system comprising 

Eclipse magnet between 

interleaving mild steel Informative technical litera 


pole pieces. ’ ture will be supplied on 


request. 


PERMANENT 
MA G i = T 6) died by the makers of 


“Eclipse” 
Permanent Magnet Chucks 


eS Sana = es SS ae ARI ae | “Seah ht AS. 9 Ea ey 
SHEFFIELD 11 ENGLAND een 
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Hermetically sealed potentiometers 
are Type Approved to Class H.1. of 
RCL 121, 2.5 watt rating for use in 
Arctic and Tropical conditions. 



















i 


649 


It 
650 


Shafe Length (inches) ... ... 








RIN «sks. | ala alg hd a 648 






10 | 25.| 50 | 100} 250 | 500 | 1,000 | 2,500 | 5,000 | | 





Ohmic value ... 















I -l | 07 | 045 | .032 | .022 | .014 | .O1 














7 |.45 |.32 |.22 |.14 





Current (amps.) 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 


Queensway, Ponders End, Middlesex. Telegrams & Cables: vITROHM, ENFIELD. Telephone HOWARD 1492 
BR1241-BXH 





wr PRIME CONTRACTORS in the electronic, 

communications and aircraft electrical 

We ean do ut ad industries have learned to rely on 
Broxlea as an economic and efficient 
“feeder unit’ capable of handling a 
wide variety of work up to the exacting 
standards demanded in _ today’s 
advanced techniques and severe operat- 
ing conditions. Jobs now in hand for 


some of the biggest names in the 
business call for these services: 


Assembly and Precision Wiring of 
Electronic, Radar and Telephone Gear 
Inspection and Testing to A.I.D. Levels 

Miniature Valve Assembly 
Cable Forming 





ONE OF THE SIMPLER assembly and 


wiring jobs we recently completed was a 
run of ground/air transmitters for the air BRO A 


force of one of the European NATO countries 
PRODUCTS 


Let us demonstrate how our highly- 
trained, well-paid staff of 200 and our LIMITED 
° HIGH_ROAD, BROXBOURNE, HERTFORDSHIRE! 
well-equipped 8,000 sq. ft. factory can PHONE: HODDESDON 3091/2 
ease your production problems. A.I.D.-approved sub-contractors 
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Two new 

GLASS FIBRE 
LAMINATES 

with a tremendous 
range of uses! 


~ MF” 


An inexpensive 
laminate, fireproof, 
ual With good mechanical 
ae properties. 
Lud 66 93 
NJ 
ag A general purpose 
wal Insulating Material, 
G5 with good 
invite enguirtes for wl machining and 
Be typOe NE ERIE ng GE punching properties. 


im giana ferinto: 


— anornen (GES) PRODUCT 








Write for specimens and quotations 


RUBBER IMPROVEMENT LTD., WELLINGBOROUGH, NORTHANTS - Tel: Wellingborough 2218 & 2286 




































GRADE M.E. 


Low cost cores for 
frequencies up to 50 Mc/s. 


GRADE M.F. 


High quality cores for 
frequencies up to 300 Mc/s. 


Write for List No. GRC 5303/6 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


- PEEL WORKS - SILK STREET - SALFORD 3 - LANCS 
LONDON OFFICE: MAGNET HOUSE - KINGSWAY - TEMPLE BAR 4669 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. of ENGLAND 
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MEGOHMMETER 
Type 2423 





for any type of insulation measurement, inspection of 
leakage resistance of condensers, cables, transformers 
and other high resistance components and circuits. 


This instrument permits precice measurements of electrical re- 
sistance in the range of 100.000 ohms (10°) to 10.000.000 
megohms (10!3 ohms). This instrument also accurately measu- 
res d.c. voltages over a range from 0,01 volt to 2000 volts with 
a high input resistance of 100 megohms and d.c. currents in 
the range from 10°" to 10% amperes with a maximum | volt 
drop for full scale meter deflection. 














= Megohmmeter with high voltage Accessory extending the measuring 
range to 100.000.000 megohms: 


For SALES AND SERVICE in United Kingdom, please write to 


ROCKE INTERNATIONAL LTD. 


59 Union Street, London, S. E. 1. 


Brtiel & 


Adr. Nerum, Denmark «. Telephone: Nerum 500 . Cable: Brukja, Copenhagen 
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Ya AIR-DAMPED ss 


“ANTIVIBRATION MOUNTS 





i 
' 
| 
s £ 
‘ of exceptional performance: 
. 
th FOR THE PROTECTION OF AIRBORNE EQUIPMENT 
» 
oe 
x 
bs = = aoa saat + 
seme enna = a. 
@ superior ; — 
© vibration isolation. " _— 
Improved Air-damped BARRYMOUNTS have been specially developed to <> 
e j 
shock absorption. provide assured protection for sensitive equipment against shock 
@ bow on and vibration. An outstanding feature is their remarkably uniform : } 
set and drift. performance over the ful] range of rated load variation. Air - poy aera 
er pnon over Over 1,000,000 BARRYMOUNTS go into use every year for the pi S are fe “~ for 
se eee — protection of every type of air-borne equipment, from the lightest pA ri Tooke a jr “ Aes 
@ Minimum side sway. and most delicate instruments and electronic devices to apparatus to 35 Ibs ‘ 
@ Wide load range with up to 140 lbs. weight. : 
uniform performance. There are also BARRYMOUNTS available for specialised vehicle- MINIATURIZED BARRYMOUNTS ARE 
borne and ship-borne equipment applications, USED IN THE BRISTOL ‘ BRITANNIA™ j 
Made in England under license trom | 


the Barry Corporation of U.S.A. 


Write for technical bulletins : T $ 
CEMENTATION (MUFFELITE) LTD., B A R RY M 0 U N 


39 VICTORIA ST., LONDON, S.W.1 (ABBey 5726) 
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CHILTON STEEL LTD 


for that 


NEW BUILDING 


for Designed Structural 
Steelwork 





for Standard Portal Frame 
Building 


for Roof Steelwork to 
Requirement 


for SERVICE & SATISFACTION 





We solicit your Enquiry 


CHILTON STEEL LTD 


THE FOUNDRY - LONG MELFORD 


SUFFOLK 


Phone: LONG MELFORD 273 Grams ; CHILSTEEL-LONG MELFORD 
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PECIALISTS in the manufacture of 
Variable Wirewound Resistors 
for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 





these components. 


Our fully comprehensive range includes :- 





* Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 
tions RCS/121 and RCL/1I21. 

*« Standard Wirewound Potentiometers from | to 15 watts 
rating, including multi-ganged types, and semi-preset 
Controls for Television Receivers. 

4 High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers, the most 
accurate made in the world to-day are 
incorporated in most modern Radar, 

Navigation and Computing Equipment 

4 Ten Turn Helica Potentiometers. 


COLVERN LIMITED 


Mawneys Road -: Romford -: Essex 


Telephone No.’s : Romford 8881/2/3 
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Complies with 


British Standards Wherever an efficient combination 

ag tg of mechanical strength and sound 

RCS 1000 insulating properties is required, 

specification ‘Pirtoid’ provides the modern 
answer. 


Superior under severe operating 
conditions, resistant to shock 
loading, easily punched to yield 
clean, sound blanks, amenable to 
effective drilling without delamin- 
ation, ‘Pirtoid’—for Terminal 
Supports and Bases, Brush 
Holders, Bobbins and Coil Form- 
ers, Panels, Insulating Bushes and 
Handles—is the material of the 









Just between sa 
ourselves... <—> 
and electricity 


you need PY RTOID insulated laminate 


PIRTOID IS A SYNTHETIC RESIN BONDED LAMINATED FABRIC OR PAPER BASED 
SHEET TO APPROVED A.I.D. SPECIFICATION AND CAN BE MACHINED, FORMED 
OR MOULDED TO ANY SHAPE 





Manufactured solely by H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS PATRICROFT MANCHESTER 














ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. DICKINSON, B.A., B.Sc. (Magdalen College Oxford) 


Price 12/6 
(Postage 6d.) 


“The author describes the use of electronic methods as applied to 


research in Neurophysiology. 


Chapters are devoted to amplifying, recording and _ stimulating 
techniques used in Physiology and Medicine (e.g., electro-cardiography, 
electro-encephalography, etc.). 


Order your copy through your Bookseller or direct from:— i 


Electronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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EMITAPE ‘83 


THE MAGNETIC RECORDING TAPE | 
USED BY THE EXPERTS! 














‘His Master’s Voice’, Parlophone, Columbia 
and also many of the world’s leading broadcast- 
ing organisations use Emitape. Emitape ‘88’ 
is available in two reel sizes—7” containing 
1200 ft. and 5” containing 600 ft. Both are 
suitable for all types of tape recorders, 
whether they are for single or twin track 
recordings. The 5” spool is equipped with a 
metallic contact strip for use on recorders 
with auto-stops. 


7’ spool of 1200 ft. (88/12) 35/- 
5” spool of 600 ft. (88/6) 21/- 





Ask your local dealer for details or write to 









EXPORT: 

E.M.1. $ ALES & $ ERVI CE LT D Enquiries should be addressed to:— 
RECORDING EQUIPMENT DIVISION, HAYES, MIDDLESEX E.M.I. INTERNATIONAL LTD., 
Telephone : Southall 2468 Hayes Middlesex England 


TH £ LATEST IN HIGH SPEED RECORDING 


Instantly... 


the tags 
%, 


Accurate and in- S,- 
stantaneous and % 

with fixed stylus ! “ty, 
* With this unique method, “4 

there are no problems of lag or Q d 
attenuation. All wave forms, including square 

waves, are accurately and immediately reproduced 
—even thousands of cycles per second—and 

all with the utmost simplicity. 

Compare this with time-consuming and 

costly photo-records ! 


Write for information to : 


"INNES LTD 
DOBBIE M’ ‘wae H BROOMLOAN ROAD, GLASGOW, SCOTLAND 
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Garrard for preference 


There is a preference for Garrard equipped radiograms. 


A closer look at the Garrard RC.80m, the new RC.90,110 
or 111, and the reason for such preference becomes obvious. 



















The buying public recognises superior sound reproduction, 
and knows that the Garrard autochange and pickup are 
kindest to both standard and microgroove records. 


The demand for Garrard three speed, automatic record 
changers and single record players very much exceeds the 
supply but you know from experience, whenever possible, 
to install and to stock 


record playing units 








< _ > | 














SBA EA TLIC 





for all high 


frequency applications 


Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


WILLIAM SUGG & COMPANY LIMITED 
westainsteR VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.1.  VICtoria 3211 
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A New Kmitron 
OSCILLOGRAPH TUBE 
with | 
POST DEFLECTION 
ACCELERATION 





TYPE 4EP1 


The latest design of EMITRON tube incorporates 
many new features to give improved performance 
and reliability. 


4" diameter screen e Green fluorescence e Medium 
persistence e Post deflection acceleration to give 
high deflection sensitivity at high light output 
Short deflector plate connections to give low 
capacitance and low inductance for high frequency 
working e High writing speed e Narrow line 
width e Beam trap for pulse operation e New 
glass base and glass insulated connections to combat 
poor atmospheric conditions and also to achieve 
reduction in size. 
Heater Voltage 6.3 Volts. 


Anode Voltage from | ,000 to 4,000 Volts. 
Post Deflection Accelerator Voltage up to 8,000 Volts. 


EMIJRON 


VALVES AND CATHODE RAY TUBES 


For full details apply : 


ELECTRONIC TUBES LTD. 


KINGSMEAD WORKS HIGH WYCOMBE (PHONE 2020) BUCKS. 
ET 28 
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case 
of 
DESIGN 


f 


The casing or outward appearance of your 
product can make or break it—at least, through the 
buyer’s eyes. And competitive business today means 
careful planning and preparation, not only of 
materials used, production and selling costs, but 
of DESIGN. 


Imhof’s—as designers in sheet metal work for 
all types of casings—offer you a specialist service 
ready to meet your needs—for the bulk production 
of casings, racks, consoles and cabinets of any size 
and in any quantity. We hold a standard variety of 
such equipment—any one of which may suit your 
particular requirements. 


If you wish, we'll design exclusively for you : 
build prototypes, and then produce. In fact, do 
everything to keep your costs down and ensure 
maximum sales for the future. 


Could you ask for more ? 


Drop us a line or give us a ring... we'll be 
ready ! 


* 
for 


worthwhile 


cases 
(racks, consoles and cabinets) 


IMHOFS 





ALFRED IMHOF LTD 
112-116 New Oxford St., W.C.I. Museum 7878 








ELECTRONIC ENGINEERING 











AUTOMATIC COIL WINDING MACHINE 


Type A1/1. (25-50 S.W.G.) Type Al1/X. (19-46 S.W.G) 






This machine is the most modern on the 
market and it possesses many exclusive 
refinements 


* Dustproof construction throughout. * Provision for winding up to four coils simultaneously. * Micrometer 
traverse setting. * Wire Gauge Indicator engraved with various wire gauges to which the machine can quickly be 
set. * All steel parts are either cadmium or chromium plated. * Instantaneous re-set counter reading up to 
100,000 Turns. * Entirely new Wire Tensioning Stand to hold two reels of wire. 


73 UXBRIDGE ROAD, EALING, LONDON, W55. 
Kolectric [ro ae 





MUREX ‘SINCOMAX’ PERMANENT 
MAGNETS are used in all 
TAYLOR ELECTRICAL INSTRUMENTS 

















Yet another example of the use of Murex 
*Sincomax’ Magnets where the need is for 
high flux density and magnetic stability. In 
this application, as in many others, Murex 
Sintered Magnets continue to give accurate 
and reliable service. 





MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM + ESSEX °* Rainham, Essex 3322 
LONDON SALES OFFICE: CENTRAL HOUSE, 
UPPER WOBURN PLACE, W.C.! EUSton 8265 
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Photographs by courtesy of 
Taylor Electrical Instruments Ltd. of mode! 
88a Multirange Measuring Meter, 20,000 
o.p.v. D.C., 2,000 0.p.v. A.C., and mode! 
77a Multirange Universal Test Meter, 
20,000 0.p.v. D.C., 5,000 0.p.v. 
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RECORDING GALVANOMETERS 


Range immediately available :— 
0-40, 0-100, 0-250, 0-850, 0-3500 cycles/sec. 


A plug-in type mirror galvangmeter is now 
available to suit most types of photographic 
recorders. Primarily designed for the Aircraft 
Industry, their inherent stability makes them 
suitable for the recording of any physical 


dynamic quantity. 







For information of our range of instruments for £ Length ...... 2'1 in. 
the measurement and recording of vibration, Dia. Mox....0°18 in. 
strains and pressures, write tO ......4055 


NEW ELECTRONIC PRODUCTS LTD. 


9 NEW CAVENDISH STREET ° LONDON W.! ° (WELbeck 1421-2) 











A NEW range of Variable Transformers 







FOR THE FULL VARIABLE CONTROL OF MAINS VOLTAGE 


Features 





1 Ratings from 260 VA- 
2080VA in single units. 





2 1 and 2 Kva units can be 
ganged. 
All metal construction. 
| DOUBLE CURRENT 
By parallel - connecting 4 Bench and Panel mounting 


two mechanically coupled 
variable transformers (see 
above), the maximum 
output current is doubled. 


models available. 


I case a roe iia eds ec HR acs psa bce Ss Sms ie Maas wa 
tw 


For full technical specification and dimensions etc., write to : 


PHILIPS ELECTRICAL LTD 


INDUSTRIAL PRODUCTS DIVISION 


CENTURY HOUSE - SHAFTESBURY AVENUE - LONDON - WC2 
(PMI.0078) 
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Deep tapped sid 


PRECISION 


PATENT SERRATED 


‘ae rivet Bushes 


Manufacturers of all kinds of 

products use this method of 
fastening to metal sheets and panels. Note 
the serrations on the finely tapered 


shank — these cut their way into the 





sheet and prevent the bush from rotating 


in the panel, 


Ask for llustrated Leatlet 155 










THE PRECISION SCREW & MFG. Co Ltd UNION STREET + WILLENHALL + STAFFS. 


Telephone: WILLENHALL 621 & 622 













to spend 







ee * icians © 
@ pxearnirran at | FIFTEEN Days 
& Instrum | IN CAMP earning 
Mechanics full pay and allowances 






WANT ED § plusa total of £9 
TAX-FREE BOUNTY 
AND EFFICIENCY GRANT 


You can spend fifteen days with your friends, earning full Regular Army 
pay and allowances. As a member of the Army Emergency Reserve 
(Cat. IIA) you have no other duties during the year. If a grave national 
emergency should arise you may be called up for service in the United 
Kingdom. Youcan becalled out for overseasservice only by Proclamation. 

Volunteers are accepted from 18 years of age and engagement is for 
two, three, or four years. If you have served before in a non- 
commissioned rank there is every possibility of your filling an existing 
vacancy or of being promoted as soon as a vacancy occurs. 





. . . . 7 

Lend your skill to Britain, doing the Send this coupon now for details of how . “o. to: | 
. H.Q. ARMY EMERGENCY RESER 

job you know best ROYAL ELECTRICAL and MECHANICAL ENGINEERS, | 

RDON HOUSE, BORDON, HANTS. | 

| 


Army Emergency | v1... cicenen | 
Reserve Reh eek ssh cine eadbbeaiabitoak vente ccumaeed 508 | 
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Redifon/ 


WORLD -WIDE 
SERVICES 


Redifon offers these many 





services to those who are 
interested in Communica- 
tions and Industry. If you 
have any problems in these 


fields we shall be pleased to 





discuss them with you. 


REDIFON LTD.. BROOMHILL ROAD. LONDON, S.W.18. Telephone : VANdyke 7281 


4 Manufacturing Company in the Rediffusion Group 





Extended range 


now available 
















THE range of Rivlin Precision Wirewound Resistors has been 

extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


* Rivlin Resistances can be adjusted to 0.1% of the required value, 
or 0.01Q whichever is the greater. 


* Any value in the range 0.12 to 50,000 can be supplied with a 
temperature co-efficient of 0.002% per degree centigrade, and up tq 
1MQ with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 


* Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 


LVN econ im 


WIREWOUND RESISTORS AN eaEeh 









DAYS 





RIVLIN INSTRUMENTS LTD. 
7a, Maitland Park Villas, London, N.W.3. Gulliver 2960. 
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For computers 
and their 


components 


tI 


. Re SWS 
NY lew ” as 


COMPUTING AMPLIFIERS 


capable of summation, integration and 
differentiation, and drift corrected with 
gain / bandwidth product adequate for low 
or high-speed computing. 


ELECTRONIC MULTIPLIERS 
of the four-quadrant type. 


FORCE FUNCTION GENERATORS 


for a variety of forcing functions 
of either positive or negative sign. 


OSCILLOSCOPE DISPLAY UNITS 
— 6” flat-faced cathode ray 
tubes with choice of sweep times. 


POWER SUPPLY UNITS 

—DC supplies from grid-controlled 
thyratron pre-regulators feeding series valve 
electronic stabilisers; heater supplies 

from AC electronic regulator. 


Write for further details of Saunders-Roe 
analogue computers and associated equipment. 


Information may also be obtained on 
solenoid-operated electric typewriters for 
the presentation and recording 

of results from digital computers. 





SPAN EN ED ENRSS 





SAUNDERS-ROE LIMITED 
Electronics Division, Osborne, East Cowes, Isle of Wight 


Telephone : Cowes 22! ! 
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CUTTING COMPOUND 


Supplied in the form of a soft paste and packed in 
convenient tubes, R.T.D. Compound can be applied direct 
to the tool face with the greatest of ease. This saves time 
and saves waste. 

R.T.D. Compound is ideal for all severe metal working 
operations. It prevents}the welding of high spots and 
enables low micro finish and close tolerance work 
to be carried out more easily. It also greatly 
increases tool life. 









Use it for:— 
| TAPPING, DRILLING } 
REAMING, BROACHING | 
FRETTING, SAWING and ! 
| DRAWING OPERATIONS ; 






ee 
RAGOSINE 


COMPOUND 
ROCOL LIMITED 


Ibex House. Minories, London, E.C.3 
Telephone: ROYal 4372 
Minerva Works, Woodlesford, nr. Leeds 
Telephone: Rothwell 2164 
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The Final Word 


In all radio reproduction it is the LOUDSPEAKER 
which has the Final Word. It is the LOUDSPEAKER 
which finally determines the quality of reproduction. 


The finest radio receiver in the world can only 
give indifferent results if fitted with an indifferent 
LOUDSPEAKER. 


It is the LOUDSPEAKER which re-creates the sound 
and it is the LOUDSPEAKER above all which must 
be BEYOND REPROACH. 


We have loudspeakers for every purpose and set manufacturers Model P44 
are invited to collaborate with us en all problems relating to Lightweight 12” Loudspeaker 
sound reproduction. 


‘ FERRY WORKS, 
ee oe ee Ltd. THAMES DITTON, SURREY 


Telephone : Emberbrook 3402-6 
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SPECIAL SILVER CONTACTS 
FoR ELECTRONIC UNITS 


}, “Mii jj/j i Silver features largely in this 
lll Mf if metering Inductance shown by 


Le = dL : me i sn of oe cg 
i | m central contact atthe gt 






MMe essai ts 
mh Le and end an 


—— 


wheel travelling contacts are 
excellent examples of minute 

22 @ accuracy and finish typical of 
By ge 77 work from our Contacts 
! ee. Departments. 


“= adlsscse . Telecommunications, Ltd., of 
; iio. \ Cambridge. Whilst the wind- 


Special contacts in silver and the semi-precious metals to designers 
requirements are everyday features of our production. 
Our contact literature awaits your request. 


DUEPFIELD SMELTING 


& e 
ROYDS MILL STREET, SHEFFIELD, 4 Com pany Limited 


SHEFFIELD - LONDON BIRMINGHAM 








95, ARUNDEL STREET, BERRY ST., CLERKENWELL, 4,5 & 6 WARSTONE LANE, 
SHEFFIELD, |. LONDON. E.C.! BIRMINGHAM 18 
Tel: 22107 Tel; CLE 3156 Tel: Central 6893 : 
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This is the name usually associ- 
ated with the discerning customer 
who always appreciates the qual- 
ity and service by which we have 


gained our reputation. 





yRSFORM, 


73 1116 fs 


“4, -» DEVIZES) 
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NURSTEED ROAD - DEVIZES - WILTS 
Telephone: DEVIZES 932 
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Wherever 
specialised work ’ 
is required in 


ts, 


the production of... ‘~ 


METAL FAB 


Pressings, Components, 
Cabinets, Cable Boxes, 
Transformer Tanks, 
Engine Beds, Chassis 
Assemblies and Steelwork 
of every kind — our 
extensive experience 
enables us to fulfil the 
most exacting specific 


requirements. 


We are always pleased to 
receive enquiries and to advise on any 


Specialised Metal Fabrication without obligation. 


SPENCER & SONS 





(MARKET HARBOROUGH) LTD. 
Metal Fabrications, Pressings and Steelwork 


GREAT BOWDEN ROAD: MARKET HARBOROUGH: LEICS. 
Telephone: 2651/2 
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“syMEL” SILICONE 


ELASTOMER IMPREGNATED GLASS FABRIC 


9 - 

SYMONS in addition to the silicone elastomer coated glass insula- 

ADVISORY tion, which we have been producing now for two years, 

SERVICE we have just begun the manufacture of Silicone Elastomer 
Impregnated Glass Cloth. 

If you have an electrical This material is available in thicknesses from 3 mils to 

insulation problem, send 20 mils, in rolls 36” wide or in tapes of any width, and in 


both straight cut and bias cut form. 

The bias cut tape provides a flexible Class .H insulation, 
more suitable for taping round bends than previous 
be pleased to advise you. materials of this type. By using an elastomer, rather than a 
Silicone varnish, a softer insulation is produced—one that 
does not crack when creased or doubled back on itself. 


For tested flexible insulation—say SYMONS for sure! 


it to us! Our Test and Re- 


search Department will 





Visit our Stand No. 34 at the 
Electrical Engineers Exhibition 
—Earls Court, March 15 - 19. 


H.D.SYMONS & CO. LTD. 


PARK WORKS ° KINGSTON HILL ° SURREY ~ Tei. Kingston 0091 Grams. INSULATION (phone) KINGSTON-on-THAMES 






















‘have these outstanding features 


HIGH OPERATIONAL SPEED * HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 

ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 
The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 


and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 


TELEPHONE MANUFACTURING CO. LTD 


“it Contractors to Governments of the British Commonwealth and other Nations 





HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2!I 
Telephone GIPsy Hill 2211 
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Electrical Standards for Research and Industry 
Testing and Measuring Apparatus for Communication Engineering 
Unapproached throughout 
the world for design 
and accuracy 
WAVEMETERS 
OSCILLATORS 
CONDENSERS 
INDUCTANCES 
H. W. SULLIVAN RESISTANCES 
LIMITED 

LONDON, S.E.15 B RID G E S——Capacicanee 
Telephone: New Cross 3225 (P.B.X.) Resistance 














THADDONS A.1.D. APPROVED 


TRANSFORMERS LTD. 


27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone 
HARROW 9022/3/4/5. 























POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 





Open or Enclosed Types — For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 








ELECTRONIC ENGINEERING 114 MARCH 1955 









































brandenburg 


high voltage engineering 








20,000 volts stabilized 
—for only £29-15-0 


The Brandenburg PA20 high voltage generator 
provides a supply variable from either 17 kV. to 
20 kV. or 14 kV. to I7 kV., with a regulation of 

1% against mains variation of 5% and load 
variation of zero to 200 vA. Fitted with EHT 
Output current measuring jack for use with 
moving coil instrument to facilitate breakdown 
testing, CRT testing, experimental X-ray tube 
investigation and many other applications, with or 
without ancillary equipment. 


Guaranteed 12 months 


Teleonics | communications | Ltd. 
196 Dawes Road, London, S.W.6. Fulham 1534 











“UNIPIEZO’ 


THE NEW ELECTRO-TECHNICAL 
CERAMIC BY 


U.I.C. 


U.LC. pioneers in the production of technical 
ceramics, now present ‘UNIPIEZO’—a new 
Piezo-electric ceramic that is unequalled both in 
quality and performance. 

Its applications in the electronic and ultrasonic 
fields are unlimited and it will be of interest to all 
who wish to convert a mechanical displacement into 
an electrical response and vice versa. 

A standard range of ‘ UNIPIEZO’ elements is 
available and special designs can be made to order. 


Write for full details to Dept. MRC. 





UNITED INSULATOR COMPANY LTD. OAKCROFT RD. TOLWORTH, SURBITON, SURREY 


Telephone: ELMBRIDGE 524] 
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{ diffusi 


A complet 


is available and includes types for 


pumps 





range o' 


the efficient movement of gases and 
vapours at low pressures with speeds 
from 50 to 5,000 litres per sec. To 
meet the needs of valving in 
industrial high vacuum systems, a 
range of vacuum valves is available. 
Straight through types, right angle 
types and valves with special bodies 
are designed for both manual 


control or automatic operation. 


VACUUM 








INDUSTRIAL APPLICATIONS LTD., 





Manufacturers of all types of 


INSTRUMENT CASES 
and CHASSIS 


in all METALS 








GENERAL SHEET METAL WORK 


for the Trade 


HASE | )RODUCTS 
: ing) LID 


27 PACKINGTON RD., SOUTH ACTON, W.33 
Acorn 1153-4 and at LEEDS 








ENGINEERING 


ELECTRONIC 





Type V6K 


eo ee 





3. 





s 


SPEED IN LITRES PER SECOND *' 





$38 8 3 









Pressure/Speed Graph P10 Mark | 
Diffusion Pump 


VIA-VAC 


Specialist Manufacturers of industrial vacuum 
equipment-consulting service to industry. 


WISHAW. 





LANARKSHIRE f 





| COUNTERS: 
FOR EVERY $ 
INDUSTRY - 


BACKED BY 70 Please write for illustrated 
| YEARS EXPERIENCE folder “EL” giving details 
| of full range. Representa- 


tive will call upon request. 


| Neodai-ROO7., 


DUNDEE 
Phone No. 85218 


London Office - 


| 20 PURLEY WAY, CROYDON, SURREY 


Telephone THORNTON HEATH 3477-8 
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NEW APPARATUS 


IN STOCK AT ! 





WEBB’S are the MAIN LONDON AGENTS for 
EDDYSTONE and a full range of Receivers and 
Components are always available from stock. . . 








Communications Receiver 


Operates from AC or DC mains, 100/110 and 200/250 volt. 
Uses 7 Valves (excluding rectifier) in a high performance 
circuit, with internal loudspeaker. 


Price £49 0 0 


Or on Webb’s Extended Payment Scheme 
Deposit £9 16 0 and 12 payments of £3 II 11 
or 18 payments of £2 10 | 


Gen Z.cc 
14 SOHO STREET, OXFORD STREET, LONDON, W.! 


Telephone : GERrard 2089 
Shop hours: Weekdays 9 a.m.-5.30 a.m. Sats. 9 a.m.— 1! p.m. 











for High Fidelity Reproduction, may 
we mention two amplifiers 


THE NEW ROGERS “RD JUNIOR” 


a 1955 design of unapproachable value, the specifica- 
tion rivals amplifiers costing double its price. 
Price ... £25 0 0 
Or on Webb’s Extended Payment Scheme 
Deposit £5 0 0 and 12 payments of £1 16 8 
or 18 payments of £1 5 7 
THE ACOUSTICAL “QUAD II” 
the world’s best amplifier 
Price £4200 complete with “‘QCII’’ Control Unit. 


Webb’s terms, Deposit of £880 and 12 payments of 
£3 18 or 18 payments of £230. 





510" 


SINGLE POLE FUSE-SWITCH 


| ON ACTUAL SIZE 


|” 


vibration-proof and reliable. 
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Primarily for lower voltages, this Slydlok 
fuse incorporates a switch action, 


self indicating. A compact, rewireable unit, 


SY DISK FUSES 


London Office : Fulwood House, Fulwood Place, Holborn, W.C.|I. 



















































































ACTUAL SIZE 








and is 


| 
| FW (End entry) 
| cable type is 
illustrated. 
| Other types 
| supplied to 
meet all 
| normal re- 
| quirements. 


WYTHENSHAWE MANCHESTER 


dm EW760 
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INOUSTRIAL ELECTRONICS 


This Woden Transformer is typical of many supplied for Industrial 
Electronics and is for incorporation in a large R.F. Heater made by 
a well-known manufacturer. Transformers in this field are 
individually and specially constructed to suit design of heater. 


Price is an important factor and all Woden Transformers are built at 
the lowest cost, consistent with first-class workmanship and materials, 
to guarantee the utmost reliability in service. 


WODEN TRANSFORMER CO. LTD. 





sm/W.2097a MOXLEY RD., BILSTON, STAFFS. Phone : Bilston 41959 


R.59 











[- is admitted that the present reception of the BBC’s medium 
and long wave transmissions is most unsatisfactory in many 
parts of the country. 


The BBC is proposing to remedy these conditions by erecting a 
chain of some 51 V.H.F. stations, and it is almost certain that 
F.M. will be the type of modulation chosen. 


The principle of Frequency Modulation technique is discussed 
fully in :— 
ee . 
Frequency Modulation” 
By K. R. STURLEY, Ph.D., M.I.E.E. 
Price 2/6 (postage 2d.) 


The construction of a suitable receiver for the existing F.M. 
transmissions from Wrotham is described in :— 


**A Home-Built Frequency Modulated Receiver ” 


By K. R. STURLEY, Ph.D., M.I.E.E. 
Price 4/6 (postage 34). 


These and other monographs are obtainable from 


2s ESSEX STREET, [MaONCaMT Engineering STRAND, LONDON, W.C2 
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ee 
“AIRMAX” PATENTED SCREW FANS 


3 The illustration shows 
fans from 14” to 16” in 
diameter. There are 
eight different types of 
“Airmax” patented 
Rotors capable of giving 
practically any combin- 
ation of volume and 
pressure desired. 








ee 


TO APPROVED MINISTRY SPECIFICATIONS 





Designed by the world pioneers of high efficiency axial flow fans 


A. K. FANS LIMITED 


20 UPPER PARK ROAD + LONDON -: N.W.3 
Telephone : PRIMROSE 5969 


; CONTRACTORS TO ADMIRALTY, M.O.S., etc. A.I.D. APPROVED 
1959 & 


R.59 | 
i 




















: HEAT-TREATMENT 

; SCORE MARKS 
SCUFFING 
GALLING 


! ms ELIMINATED 


ST. ANDREW'S ROAD 


N.C. ASHTON LTD, fvppersrietn enctann 


HUDDERSFIELD 6263/4 





CW 2575 
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HIS: 


The range of Venner Lightweight Silver-Zinc 
Accumulators has an exceedingly high rate of 
discharge with very little drop in effective capacity. 
Wherever excess weight and size are a serious 
disadvantage in electrical storage, the Silver-Zinc 
Accumulator is indispensable. 








Write for full 
technical details 
and catalogue EE 





\S) ACCUMULATORS 


% VENNER ACCUMULATORS LTD. Kingston By-Pass, New 
% = Maiden, Surrey. Phone MALden 2442 


Associated Companies: Venner Limjted-Venner Electronics Ltd. 
KKKKKKKKKKKKKKKKKKKKKKKEAKKKEEKEKEEKE 
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‘ULTRA LOW 


capacitance 4 attenuation 


38 STOCK TYPES ic; 
for your 
STANDARD or SPECIAL 
APPLICATIONS 


TRANS 





i U.G. CONNECTORS-R.G. CABLES 


RADIO 


- TRANSRADIO LTD. 1384 Cromwell Rd. London SWZ. rresser 























RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 
QUICK DELIVERY 
KEEN PRICES 


QUOTATION BY 
RETURN 


RACKS P.O. STANDARD .. 19 inch panels. 


Steel channel sides, correctly drilled, heavy angle base. Height: 
Mc. 1O0ins. or 6ft. or 7ft. 2ins. 4 


KEY SWITCHES 
PROMPT DELIVERY = 
OF ALL TYPES a 
MICROAMMETERS _250.Fs.D. mopeL 


$37 34” FLUSH TYPE. KNIFE EDGE POINTERS SCALED FOR 
TEST METERS 55/- 


ELECTRO-MAGNETIC COUNTERS 


AS USED BY THE G.P.O. COUNTING UP TO 9999 






TYPE 9G. | TYPEITA 
500 ohms 3 ohms 
] 24/50 Vt. D.C. | 2/6 Ve. D.C. 
S as 3 15/- Post t/-] 15/- Pose 1/- 
MANY OTHER TYPES a ied LIST AVAILABLE 
L. WILKINSON (CROYDON) LTD. 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 Telegrams : “ WILCO** CROYDON 
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STANDARD TELEPHONES AND 
CABLES LIMITED 


RECTIFIER DIVISION 
EDINBURGH WAY, HARLOW, ESSEX 


To meet an expansion programme in the development 
of metal rectifiers and semi-conductors, this Division 
invite applications from :— : 


PHYSICISTS Degree standard. For design and 

(Ref. C. 8) construction of silicon and germa- 
nium devices. Experience of semi- 
conductor work or other branch of 
semi-state physics an advantage. 


ELECTRONIC Degree standard. For design and 
aren construction of laboratory test gear 
ara and apparatus. 


HOUSING ACCOMMODATION AVAILABLE IN 
HARLOW 


Please write quoting appropriate vacancy and stating 
age, qualifications and experience to the PERSONNEL 
MANAGER at the address above. 














ELECTRONICS 


Electronic Chassis manufacture, and 
wiring for Industrial equipment, Test 
gear or sub-assemblies. 


a7 
CTT TTT Eb 


: VACUUM VARNISH IMPREGNATION 


Vacuum Varnish Impregnation to 
R.C.S. 214. Autoclave diameter 15” 


TRANSFORMERS 


For power distribution and Electronic application. 
Ranges from small Electronic types, up to 50 kVA, 
orthodox and C cores. I-Phase and 3-Phase Oil 
and Air Cooled Phase conversion, etc. Special 
types for Furnace and Rectifier Control. 


A.D. AND A.R.B. APPROVED 


YOUR ENQUIRIES ARE INVITED... 


AVIS & BAGGS in. 


GOSBROOK ROAD, CAVERSHAM, READING 


=< TIT T TTT 


Phone : READING 71763 
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To Designers and others interested in. . . 


* Alloys for Glass to 
Metal Seals with Expansion 


Co-efficients to absolute Values 


* Pure Metals and Alloys 


for Vacuum, Thermionic and X-Ray Tube 
manufacture 


* Bi-Metals and Thermo- 
Expansion Alloys 


* Electrical and High 
Temperature Resistance 
Wires, Strip and Tapes 

IMPORT DIVISION OF 


The TETRA Engineering Co., Ltd. 


Representing 
HERAEUS VACUUMSCHMELZE A.G. and 
ISABELLEN HUETTE 
(Makers of the Original Manganin Alloy) 
1-3 REDHILL STREET, LONDON, N.W.1. 
Telephone ; EUSton 3707 PBX Telegrams : Tetcraft, Norwest, Londen 








WILKINSONS TOOLS LTD 


KERFOOT STREET 
WARRINGTON ENGLAND 






CW2415/150 
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HIGH GRADE 
ELECTRICAL RESISTANCE 
WIRES & TAPES 


NICKEL-CHROMIUM 
NICKEL-CHROMIUM-IRON 
COPPER-NICKEL 
also 
PURE NICKEL 


in the Hard Drawn, Bright Annealed 
or Oxidised Annealed Finishes 


SPECIALISTS IN FINE 
AND SUPERFINE WIRES 


IN SIZES FROM -010’—-0005” DIA. 


Technical Booklet on application :— 


Attoy Wire Co., Ltp. 


LAWRENCE LANE, OLD HILL, STAFFS 
Telephone : CRADLEY HEATH 6575 
Telegrams : WIRELOY-CRADLEY HEATH 








KLYSTRON: 
SUPPLY UNIT 


for operation of high voltage 
valves, types C.V.129 and C.V.323 








@ Tunable square wave modulation control on 400, 
1000 or 200) c/s. Mark space ratio |: 1 with 
pre-set control for some variation of this ratio. 


Pamphlet No. 1180/EE on request. 


BARR & STROUD, LTD. 
ANNIESLAND, GLASGOW, W.3 








a? 


‘Brashood 





Production manufacturers 
of torsion, tension and 
compression springs of all 
types, pressings, clips, I.F: 
cans, valve screening cans, 
valve shrouds, -and sole 
manufacturers of the most 
advanced shock absorp- 
tion device—‘‘METPAKS" 
Shock Absorbers. 





Leading manufacturers rely on:— 


BRAYHEAD 
SPRINGS LTD. 


FULL VIEW WORKS 
_KENNEL RIDE - ASCOT - BERKS. 








GO7AK PRECISION CONNECTORS 


on aff COUNTS 





15 Victoria Street, London, S.W.|! 





@ machining 
e performance 
® price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€OAX Connectors 
€O-AX Cables R.G. Cables 
Microdual drives 





Telephone: Winkfield Row 427 - Telegrams: Brayhead Ascot 





TRANSRADIO LTD. 138ACromwell Rd. London SWZ. rresse1 
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Quartz Crystals of any shape and size cut and 

ground precisely to specification and coated, 

if required, with Gold, Silver, Aluminium or 
Rhodium, etc. 


Brookes Crystals Ltd. 


Suppliers to Ministry of Supply, Home Office, B.B.C., etc. 
181/3 TRAFALGAR RD., LONDON, S.E.10 
Phone: GREenwich 1828 Grams: Xtals Green London 


BROOKES 

















high quality 
waler for the 
production 

of cathode 
ray tubes. 
electrolitics. 
ele. 


DEMINERALISED 
WATER EFFLUENT 


CONDUCTIVITY 


T.D.S 


COLBORNE 


ION EXCHANGE PLANT siLiCd CONTENT 


or V.1:1el, melleP 418] 2 


‘ye COLBORNE ENGINEERING co LTO 


OR -1,41 016) an. cy nl) GO) 101O)\ maa’ 
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the answer 
to your 
problem? 


‘SINTREX’ Electrolyt& Iron Powder has solved many 
problems in electronics., Its exceptional purity gives it 
excellent electro-magnetic properties—ensuring high 
permeability and low logses in components such as 
small transformer \ 














T.V., fluorescent 

units, measuring 

equipment. IRON POWDER 
GEORGE COHEN SONS & CO. LTD ~ BOO 


cores, pole pieces, \ 
instruments 
BROADWAY CHAMBERS LONDON 


etc., for radio, 
and much other ELECTROLYTIC 
Telephone: Riverside 4141 gngup 





. 
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World-wide technical collaboration 
in electrical engineering development 


THE DRIVER-HARRIS 
ORGANISATION 


Close liaison between the companies of the Driver-Harris 
world-wide organisation is a very real and active policy. It 
continues to yield an impressive dividend of technical progress. 

The liaison is expressed in regular communication and 
exchange of visits between technologists, a pooling of know- 
ledge on every fresh aspect of wire-drawing technique, and 
continuous research along parallel lines between the labora- 
tories and manufacturing plants in the United Kingdom, 
United States, Eire, France, Italy, Austria and Spain. 

The result of that collaboration is a succession of advances in 
the production of nickel-alloy resistance materials of profound 
= to all development in the electrical engineering 
wor! 


BRITISH DRIVER-HARRIS CO. LTD 
MANCHESTER 15 





AIC HROM 


“* The greatest name in electrical resistance,” 
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THE CRESSALL MANUFACTURING CO. LTD 
TOWER STREET - BIRMINGHAM 19 











DONOVAN ACCESSORIES 


FOR THE ELECTRONIC rp / 


APPARATUS MANUF 


OCKS.) Made in 
60 amp. sizes. 














NAL BL 


TERMI 


TYPE ms 30 and 





1? 
C.30 PUSH-BUTTON 


UNIT arranged for mounting 
on customers’ own cover 


A.C. POWER RELAY 
2 to 8 Pole. N.O. or N.C. 
plate. N.O./N.C. contacts. contacts. 

4 Colours. 
THE DONOVAN ELECTRICAL CO. LTD. 


Safuse Works - Stechford - Birmingham 33 














ELECTRO- 
MAGNETIC 
COUNTER 


25 718 


MAJOR TYPE 6 x 1} x 1} ins. 


FOR ALL D.C. VOLTAGES 
TESTED and GUARANTEED 


17/6 Post & Pkg. 9d. 


MAGNETIC RELAYS 
UNISELECTORS 
KEY SWITCHES 


PYPYP\ PU PVP '\ PUPPY PV OIPIPV OPP APr 


S JACK DAVIS (RELAYS) LTD. 


§) Dept*E’ 36 PERCY STREET, LONDON, W.! § 
§ MUSEUM 7960 LANGHAM 462i § 
PPVWPYV\PVWPUWPVWPVPVPUV\P PPV OV OY OO" Orn 




















plant at 
the works of :— 


‘FERGUSON RADIO 


CORPORATION LTD. 


Illustrated is a Canning Fully Automatic Plant 
for Cadmium plating radio components. 
Equipment for the deposition of various metals 
has been supplied to leading establishments 


ications 





in. the radio, electrical and telecc 
industries. 
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Fractional H.P. MOTOR UNITS 






for actuating valves, dampers, 
' rheostats, geneva move- 
ments, rocking baths, flashing 
signs, illuminated models, solder- 
ing and welding fixtures, rotating 
tables, automatic light strip feed, 
lubricating and other small pumps, 
small machines, animated displays, 
vibrators, developing _ baths, 
agitators, fans, aspirators, etc. 





The DRAYTON R.Q. is 

a miniature capacitor 
induction type motor with 
a current consumption 
at 230 volts, 50 cycies 
of 0.09 amps pf. 0.9. 


RQ@G GEARLESS 
Running at 2,700 r.p.m. con- 
_ tinuously or intermittently in 
either direction or continuously 
reversed. 


RQR GEARED 


For continuous or intermittent 
running or reversing at speeds from 
27 mins. per rev. to 600 revs. per 
min., with or without self-switching 
up to 2 1/3 r.p.m. 


RQH GEARED 


For high final shaft speeds for 
continuous or intermittent running, 
torward or reverse. 


Send ;_r List No. M. 302-1 


The ORAVTON RQ. 


The Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex 








FREQUENCY METERS | 


SIZES : 2}” to 8’ 


UP TO 5000 CYCLES ; 
PROMPT DELIVERY 





M.C. KILOVOLTMETERS 


and full range of Switchboard Instruments. 
Ask for illustrated Catalogue 


. THE ELECTRICAL INSTRUMENT 


CO. (Hillington) LTD. | 


HILLINGTON, 


London stockists, H. A. Patterson, 156 High Holborn 
2 


125 


MARCH 1955 


also the new SYNCHROSCOPE 


GLASGOW 





Vacancies exist in the Research Laboratories of 


ERICSSON TELEPHONES LTD. 
BEESTON, Nr. NOTTINGHAM, 
for 


1. A senior man to take charge of a new division 
for Instrumentation of Nuclear Piles. Applicants 
should have a good knowledge of electronics and 
servo systems. (Ref. RI 1) 


2. A number of men for posts in 
(a) Electronics 
(b) Servo systems. 
(c) Circuit and equipment engineering. 
(Ref. RI 2) 
3. A senior man to take charge of a new section on 
transistor circuitry. (Ref. RT 1) 


4. Men for posts in the transistor section. 


(Ref. RT 2) 
5. Men for posts in the field of electronic computing 
and switching. (Ref. RCS) 


6. Men for posts in the field of electronic instruments 
(a) Electronic Engineers (Ref. RIE) 
(b) Mechanical Engineers. (Ref. RIM) 


7. Men for research on cold cathode tubes. 
(Ref. RK) 


8. Physicists and physical chemists for research. in 
Solid State Physics. (Ref. RP) 


Applications, quoting reference number of post or 
posts for which applicant wishes to be considered, 
giving age, summary of qualifications and experience, 
to Personnel Officer. 

















LUMINESCENT MATERIALS 


FOR 


ELECTRIC DISCHARGE LAMPS 
CATHODE RAY TUBES 
X-RAY SCREENS 
INSTRUMENT DIALS 
DECORATIVE DISPLAYS 


SPECIAL PHOSPHORS MADE TO 
CUSTOMERS’ SPECIFICATIONS 


kkk 
DERBY & COMPANY LTD. 


Offices : 

11-12 St. Swithin’s Lane, London, E.C.4. 
Telephone : MINCING LANE 5272. 
Telegrams : PLATIVET, London. 
Works : 

Millmarsh Lane, Brimsdown, Enfield, Middlesex. 
HOWard 2208 
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for the Aircraft, 





by Injection and Compression techniques. 


Electrical 


Development and Production of Industrial and Trade Moulding 


Specialists in 


P.V.C. mouldings, and work incorporating metal inserts 


and Electronic Industries. 
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BELCLERE 


MINIATURE 


Input, Output and 
interstage 


“3 TRANSFORMERS 


£. 






We ialise in the ture of pling transformers to 


customers’ requirements. An illustrated brochure describing 
the range of transformers we manufacture will gladly be sent on 
request. Illustrated above is a standard input transformer 
type “‘E’’ size |” x }” x }” overall, available with varnish dip 
finish, encapsulated block form, or in mu-metal screening can. 


Quick delivery— low prices—maximum efficiency. 


JOHN BELL & CROYDEN, !!7 HIGH STREET, OXFORD 
Telephone : 47072 a Cables : Belclere, Oxford 














in Finishing 


Coopers Calico Mops can be supplied in any diameter and 
thickness, loose or stitched, and suitable for tapered or 
parallel spindles. There is a good economy range of section 
mops, too. Each quality can be supplied in grades to suit the 


class of work. 
POLISHING BOBS 


Coopers are the original makers of the Felt somes Mar 

as used today, and today Coopers offer a wide range of bobs 
which includes the ideal wheel for every class of work, in six 
grades from soft to rock hard, and in four qualities. Send 
today for details of the entire bob and mop range. 


COOPERS FELT 


Please send enquiries to Head Office and Works :— 


COOPER & CO. (B’HAM) LTD. 
BRYNMAWR, BRECONSHIRE 


Telephone : Brynmawr 312 Telegrams : Felting Brynmawr 
Registered Office and Works : Little King St., Birmingham 
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If you need 
a small METAL PRESSING 


for your product, why not consult us ? 
* & ® 


We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET BIRMINGHAM 4 
Phone: CENTRAL 2492 








The many new applications of electronics makes it vital 


knowledge of this subject. 
course intended to teacn the main principles of electroni 
and its chief industrial applications. 


with the course. 


Send for Free Brochure to: 


E.M.). INSTITUTES, Dept. E.11, London, 
An educational organisation serving the E.M.I. Group of Compani 
which include ‘‘ HIS MASTER’S VOICE ’’, MARCONIPHONE, ET: 








———— ELECTRONICS —_ 
APPLIED TO INDUSTRY 


necessary for all in Industry to have a sound working 
We offer a new Self study 


Experimental work 
can, if desired, be carried out using equipment supplied 
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INSULATION 


Our | ean ype include— 
Leatheroid ; Pressboard ; Vulcanized Fibre 
Cable and and Red Rope Paper ; Bakelite and Ebonite ; Varnished 
Varnished Silks and 


Tapes; V: 
Cambric, Silk, Class and P.V.C. 


arnished 
‘apes, Webbings and Sleeving; Chatterton 
Compound ; Adhesive and Rubber Tapes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 


neciSTERe, 
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VALVE RETAINERS 
FOR 
MINIATURE VALVES 





SIMPLE — EFFICIENT 
SPEAR ENGINEERING CO. LTD. 


WARLINGHAM - SURREY 











A. V. ROE & COMPANY LIMITED 


have the following vacancies in the 
Electronics Laboratory at Greengate :— 


(a) Technicians are required who possess a Degree 
in Physics or Electrical Engineering for work on 
the development of Electronic Computing 
Equipment for use in the Design Office. The 
Electronics Department is expanding and is 
likely to take in many diverse fields of develop- 
ment. Preference will be given to applicants 
who have had some practical experience. 


(b 


— 


Technicians are also required who possess an 
Honours Mathematics Degree for work in 3 
connection with programming Digital Com- 
putors which will involve the breaking down of 
differential equations of the type met with in 
aircraft structural analysis into forms suitable 
for arithmetical analysis. 


Applications stating full details of age, qualifications 
and experience should be addressed to the Labour 
Manager :— 

A. V. Roe & Company Limited, Greengate, 


Middleton, Manchester. 














‘Radiospares’ 
Quality Parts 


The 
Service Engineer’s 
First Choice 





aw MAGSLIPS = 


FOR 
AUTOMATIC PROCESS CONTROL 
REMOTE CONTROL 
ELECTRICAL COMPUTATION 
REMOTE INDICATION 
PRECISION VARIABLE PHASE SOURCES 
SINE WAVE GENERATION 
CIRCULAR TIME BASES 


DETAILS OF MAGSLIPS AS WELL AS SELSYNS. IPOTS, INSTRU- 
MENT GEARS, SINE-COSINE POTENTIOMETERS, VELODYNES, 
TORQUE AMPLIFIERS, BALL AND PLATE INTEGRATORS, ETC., 
ARE CONTAINED IN. OUR CURRENT BROCHURE. 


Servo and Electronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16, ENGLAND 
STREATHAM 6165 E.E.12 


C.R.O. PROBE UNIT 





eo 
aw 










- Frequency Response :— 

200 c/s to 5 m/cs sine wave 
Pulse Response :— 
200 c/s to 2 m/cs for 0.I pus rise 


Send for 


leaflet 23 teow power supply optional) 


SUTTON COLDFIELD ELECTRICAL ENGINEERS 


CLIFTON STREET, SUTTON COLDFIELD, BIRMINGHAM 
Phone : SUT 5666 











A.C. SOLENOID TYPE SB. 


Continuous 2.3/8 lb. at 1” 
Instantaneous to 16 lb. 


100% PRODUCTION 
INSPECTION 


Smaller Sizes Available. 


Also Transformers to 
6 KVA 3 Phase 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE 74065 
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The Edison Swan Electrie Co. Ltd., 


Cosmos Works, Brimsdown, Enfield, Middx., 


has vacancies in its Research and 
Development Departments for :— 


1. Development Engineers for work on design and 
development of thermionic valves. 


2. Technical Assistants for work in connection with 
design and development of thermionic valves. 


3. Mechanical Engineers interested in the problems of 
mass production associated with thermionic valves. 


These vacancies are the result of a rapid expansion in 
the Company’s activities. The positions are pro- 


Vv A L Vv F R Ee T A H a a 7 xy gressive and carry the advantages of a Pension Scheme. 


Applicants for vacancies (1) should have an 





FOR ELECTRONIC EQUIPMENT a Engineering or Physics degree, but applications from 
Electrothermal Valve Retainers are available to fit any type, candidates with H.N.C. or equivalent will be 
make or size of valve. Whatever the problem, a suitable Valve considered. 

Retainer can always be supplied. Inter-Service type approved, Applicants for vacancies (2) and (3) should have 
they can be specified and used with complete confidence. Write Oulnay N.C. or H.N.C. or Inter B.Sc. or equivalent. 
now for your copy of the Electrothermal Valve Retainer and Data : . ' : 
Manual. The starting salary will be in accordance with the 
Suitable for:— qualifications, experience and age of the applicants. 
Miniatures, Top Cap Connectors, C.R.T.’s, standard 

eee vares Applications should be in writing and will be treated 


af eo with the strictest confidence. 
Electrothermal Engineering ltd. oven one! 



























HUNTON will cut your press 
tool costs for PROTOTYPE and : 


iemcs ese Rabe 


for Precision 
Oscillators 


INSIST ON HIFI 
Type HO/500 )\ 20-29,000 
Type HO/50 cycles 


Type HO/500A | 20-4),000 
Type HO/S0A cycles 












THE UNIVERSAL BOLSTER OUTFIT 
USING STANDARDISED PUNCHES AND 
DIES FOR SHEET METAL PIERCING 
AND BLANKING ON FLY PRESSES 











Type HO/50 giving 0°66 watts 
output STUDY 
Type — op 5 watts THESE ADVANTAGES : 
utpu 
* Scale res Accuracy 
° 





@ Specialised range of Chassis Piercing 
1% and Forming Tools for the Radio and Electronics Industries. 

% Supplied in 2 Standard Fre- @ To get you started—standardised Punches and Dies }” to 32” dia. 

6 quency Ranges. _ in 1/32” sizes from stock. 

¥ Builtin ee e oe notice, Standardised Tools for square, oblong and other 
* def uae Mapedenee e aaa neg Gauges 5 mono fpeetien ates Automatic and 
c ‘ositive Stripping of material from Punc 

Look for the Registered Trade Mark If in London and Home Counties, ask fe, a proment dumenetration in 

your own works. Alternatively, write for illustrated price List. 
eo STAFFS. Telephone: Brierley Hill 7604 


PHOENIX WORKS, 114-116, EUSTON RD., LONDON, 
N.W.1. = Tel. : EUSton 1477 (3 lines) Grams : Untonexh, London 
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Specialists in 
INSTRUMENT PRESSINGS 


At the Hampton Works we prove that there are unlimited 
possibilities with presswork—especially in the production 
of small parts for the Electronic and Electrical Industries. 
Our claim as master craftsmen in pressings is your assur- 
ance of pl isfe Every order is handled with 
extreme care and given prompt attention. We welcome 





your enquiry. 


Ihe HAMPTON WORKS 


STAM PIN( ee) 








4, n- 
IONIC in large OF small qua 


db 
plated by ther precious metals. 


tities with silver or © 
Waveguides and other precision components 


are electroformed and a variety of metals 
are plated on 


Porcelai . 
aluminium, Nn, plastics and 


IONIC 


IONIC PLATING CO. LTD. 
GROVE STREET, BIRMINGHAM, 18 
Phone : SMETHWICK 1876 (5 lines) 

The Metal Finishing Division of the G.K.N. Group of Companies. 











The Edison Swan Electric Co. Ltd., 


Cosmos Works, Brimsdown, Enfield, Middx., 


has vacancies in its Research and 
Development Laboratories for :— 


1. Circuit Development and Application Engineers 

for Colour Television investigations. 

2. Circuit Development and Application Engineers 

for Black and White Television development work. 

Engineers for development work on Television and 

F.M. Amplifier problems. Previous experience 

in V.H.F. or F.M. required. 

. Cathode Ray Tube Development Engineers for 
development work on colour and black and white 
tubes. Previous experience on cathode ray tube 
development or design required. 

. Application Engineers for work in connection with 
Customer problems on Television, Radio and F.M. 

. Engineer for design of test equipment for Colour, 
Black and White Television and allied development 
work. 

. Engineers for Circuit development and Application 
work on Transistors. 

The above applicants should have a good Engineering or Physic$ 

degree or equivalent, but vacancies also exist for candidates with 

H.N.C. or equivalent qualifications. 

The vacancies are a result of a large expansion in the Company’s 

activities. 

Good salaries will be paid to suitable applicants and the positions 

are progressive and carry the advantages of a Pension Scheme. 

The starting salary will depend on the qualifications, experience 

and age of the applicants. 

Applications in writing, which will be treated with the 

strictest confidence, should be sent to the Personnel 

Superintendent. 


3, 














THE 













MODEL 


Specially designed _ for 
soldering operations in 
the compact assemblies 
used in present day 
radio, television and 
electronic industries. 
Weight 3} oz. (ex- 
cluding flexible). 
Length 9 in. 
4 


Interesting 
features 


1. Bit &” diameter, 
simple to replace. 
2. Steel cased element, 
also replaceable. 

3. Detachable hook for 
Suspending iron when not 
in use. 

4. Moulded two part handle, 

remains cool in use. 

5. Six ft. Henley 3-core Flexible, 


25 watts — 
200/220 volts 


or 
220/240 volts. 






ELECTRIC 
LDERING IRONS 


ee ———— 


W. T. HENLEY’S TELEGRAPH WORKS CO. LTD., 
51/53 Hatton Garden, London, E.C.! 
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GANG CONDENSER TYPE I.R 


Designed to meet requirements of high 
grade communications equipment. 


It’s Reliable. Heavily constructed frame. — 
insulated on low loss ceramic shaft 

It’s made by Frame members of low expansion 
Jacksons. alloy to match temperature co-efficient 


of rotor shaft. 
to 532 pf swing. 


Capacity E Law up 


Please write for further details 


JACKSON BROS. (London) Ltd. 


KINGSWAY + -WADDON SURREY 
Telephone : CROYDON 2754-5 
Telegrams: WALFILCO, SOUPHONE, LONDON 


Visit us on STAND No. 74, RECMF Exhibition, Grosvenor House, Park Lane, 
W.1. APRIL 19—21. 











Miniature Ball and 


Roller Bearings 
(A.I.D. approved) 


Swiss 


Manufacture 


Sole British Distributors 
MINIATURE BEARINGS LTD. 
4-5 William IV Street, STRAND, LONDON, W.C.2 

COVent Garden 3366 








KENDALL & MOUSLEY LTD. 
Technical Books Department 
Fundamentals of Transistors By L. M. KRUGMAN 
Time Bases .. By O. S. PUCKLE 
Television Simply Explained 


21/- post 4d. 
32/- 


~ a -. 10/6 post 5d. 
By R. W. HALLows 


Electric Circuits and Wave Filters mm -. Be 

By A. T. STARR 
Electronics .. By F. G. SpreaDBURY 55/- 
Electronics in the Factory By H. F. TREwMAN _20/- 
M.K.S. System of Units .. By T. McGreevy 21/- 
Advanced Theory of Waveguides .. By-L. Lewin 30/— post 7d. 


We can obtain any books on Radio, Television or Electronics from 
stock or to order at short notice. 


Mail Order Only 
18 MELVILLE ROAD BIRMINGHAM 16 














HILTON RELAYS HILTON RELAYS HILTON RELAYS 


TTI 


HILTON 
ELECTRIC CO.LTD 
52.POOL ST.WOLVERHAMPTON _ Phone: 22783 

HILTON RELAYS HILTON RELAYS HILTON RELAYS 





— 







Se at 

















Provide the means for the correct 
securing of components and cable looms 
in radio and electrical instruments and 
equipment. The very extensive range 
covers wiring requirements generally. 
Made in high dielectric material, non- 
electrolytic, non-magnetic, radiused 
edges, fully tropical; Approved all 
services. 


Samples and literature on request 


INSULOID MANUFACTURING COMPANY LIMITED 


Sharston. Works, Leestone Ave., Wythenshawe, Manchester. Tel: Wythenshawe 2842 








CRYSTAL OVEN 


TYPE ESI0I 

















A temperature controlled oven for quartz crystals 
(10X, 10XJ or B styles). 

%* Temperature differential 1.5°C. 

%& 6.3V. heater—11 Watts. 

%* Adjustable thermostat. 

% Visual indication of thermostat operation. 

%* Small size—low cost. 


WRITE FOR LEAFLET E.E.5101 to :— 


Labgear (Cambridge) Ltd. 


WILLOW PLACE, CAMBRIDGE 
’Phone : 2494-5 ’Grams : LABGEAR, CAMBRIDGE 
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Announcing the NEW 
Junior LeeRaser 


Neat, compact, and 
erasing 5 in. tape 
spools with the full 
efficiency of the well- 
known Standard and 
Senior _LeeRasers. 
200/250v. A.C. 
mains. 


Price £6. 5s. Od. 
LEEVERS-RICH 
EQUIPMENT LTD. 


78, Hampstead Road, London, N.W.I. EUSton 1481 











TECHNICAL BOOKS 


H. K. LEWIS & Co. Ltd. invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering. Catalogue on request. 
LENDING LIBRARY: Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Request. 
THE LIBRARY CATALOGUE revised to December, 
1949, containing a classified Index of Authors and Sub- 
jects. To subscribers, 17s. 6d. net. To non-subscribers, 
35s. net. Postage Is. 6d. Supplement 1950-52. To sub- 
scribers, 3s. net. To non-subscribers, 6s. net, postage 6d. 


LONDON: H.K.LEWIS & Co. Ltd., 136 Gower St., W.C.I 


Telephone: EUSton 4282 (7 lines) 























ILICON 
HIGHEST PURITY— 


AND OTHER RARE EARTH METALS 
ALLOYS, DIODES & TRANSISTORS 





SOLE UNITED KINGDOM CONCESSIONAIRES FOR 
SEIKO TRADING COMPANY, OSAKA 


(World distributors of K.K. Nippon Seikosho Products) 


MERCANTILE HOLDING & TRADING 
CO. TD. 


Blomfield House - 52 New Broad St. 
LONDON - E.C.2 


Telephone : London Wall 5951-3 Telex : London 8520 


Telegrams :— 
(Inland) MERCTRAD, PHONE, LONDON 
(Foreign) MERCTRAD, LONDON 


























A NEW SMALL AUTOMATIC 
A-C VOLTAGE STABILISER 
























The ASR-1150 Weighs 11 Ibs. 
Measures 8} x4}x5 Price only £24 


This new Stabiliser will handle loads up to over | 
kilowatt—having an output of 5 amperes at (usually) 
230 volts. As a general rule it weighs only about | |0th 
of the so-common “‘choke-condenser” types offered by 
some competitors. 

ASR-I150 is totally unaffected by changes in the 
mains frequency. It is also quite insensitive to load 
changes, working equally well from 0°, to 100°, full 
load (1.15 kKWA). It has no large, high a-c working rating 
capacitors—which fail regularly in “resonated” types of 
Stabiliser, and which are very expensive to replace. 

May we send you a copy of our new 20-page Supple- 
mentary Catalogue published July 1953. Just ask for 
Catalogue V-549-S. 

ASR-1150 is merely one of an entirely new range 
of A-C Stabilisers, ranging from 200 VA to as high as 
50 kVA—all dealt with in Catalogue V-549-S. 


CLAUDE LYONS LTD 


180 182 TOTTENHAM COURT ROAD, LONDON, W.! 
OR: 76 OLDHALL STREET, LIVERPOOL, 3, LANCASHIRE 


Electrical and Radio Laboratory Apparetus etc. 
HEAD OFFICE AND WORKS: 76 OLDHALL STREET, LIVERPOOL 3, LANCS 
SOUTHERN FACTORY: VALLEY WORKS, WARE ROAD, HODDESDON, HERTS. 
(A.10 main London/Cambridge Road, at Junction of A.602) 










‘FIRE FIEND 
v. NU-SWIFT 


We know who will win. Please send 

us details of your wonderfully rapid 

and reliable Fire Extinguishers— 
before it is TOO LATE! 


Address 


Post now to Nu-Swift Letd., Elland, Yorks. 
—AHEAD OF THE FIRE FIEND’S VISIT! 


In Every Ship of the Royal Navy 














INSULATING SLEEVINGS ... 


RVG, Ae An aircraft’s performance ... 
OLYTHENE your car’s reliability... to- 
SLEEVINGS night’s Television and Radio’s 
NSULATED sound may depend upon effi- 
cient electrical insulation. 
WIRES AND 
FLEXIBLES A.I.D. Approved. 


PLASTICABLE LIMITED 
Hawley Lane -° Farnborough - Hants. 
Phone: Farnborough Hants 85. 
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INDEX TO ADVERTISERS (continued from previous page) 


Jackson Bros. 


Kendall & Mousley Ltd: 
Keyswitch Co. .. 
Kolectric Ltd. 


. 


Labgear (Cambridge) Ltd. 
Langham-Thompson Ltd., J. 
Leevers-Rich Equipment Ltd. 
Lewis & Co. Ltd., H. K. 
Lewis Spring Co. Ltd. 
London Electric Wire Co. & 
Ltd. & Vactite Wire Co. Ltd. 
Lyons Ltd., Claude uh 


Magnetic Devices Ltd. = = , 46 
nstr Lt 


d. 77 
Marconi’s Wireless Telegraph Co. Ltd. 

{ and 73 
veneer & Trading Co “ 

y 1 


Metropolitan Plastics Ltd. ‘2 , 17 
Midland Silicones Ltd. . = * 4k 
Mond Nickel Co. Ltd. . 70 
Muirhead 


& Co. Ltd. - 50 

Mullard Ltd. 33, 52, 62 and 71 
Multicore Solders Ltd. Cover iv 
Marex Ltd. . 106 


Nagard Ltd. ‘ A a 72 
National Plastics (Sales) aS 74 
Neill & Co. (Sheffield) “ee. James 97 
New Electronic Products Ltd. 107 
N.G.N. Electrical —_ 132 
Naswift Ltd. ° 


Smiths 





Mercantile 


Oxley 


Painton & Co. 
Permanoid Ltd. 
Phili 


Developments Ltd. 


‘s od xe 
Plessey Co. Ltd., The 15, 58 and 79 
Power Controls Ltd. 18 and 19 
Powis & Sons Ltd., David . a 
Precision. Rubbers Ltd. 

Precision Screw Co. Ltd. 108 
Presspahn Ltd. 127 


Pye Ltd., W. G.- he ok 78 


Radio Resistor Co. Ltd. 
Radiospares Ltd. . sie 
Ragosine Oil Co. Ltd. : 
Ratcliffe (Rochdale) Ltd., j» F. S. 
Redifon Ltd. ; Pe 
Rivlin Instruments Ltd. - 
Robinson & Partners Ltd., F. C. 
Roe & Co. Ltd., A. V. es 
Rohde & Schwarz 

Rola-Celestion Ltd. 

Rubber Improvement Ltd. 


Salford Electrical Instruments Ltd. 99 
Salter & Co. Ltd., George 66, 81 and 84 
Sankey & Sons Ltd., Joseph .. | 2 
Saunders-Roe Ltd. 110 
Savage Transformers Ltd. ; 4 
12 and 13 

wa 


Servo & Electronic Sales Ltd. 
Servomex Controls Ltd. 

Sheffield Smelting Co. Ltd. 
Smith & Sons Ltd., W. : 
Solartron Electronic Group Ltd. Cover iii 


Southern Instruments Ltd.  .. xs 82 
Spear Engineering Co. Ltd. .. 127 
Spencer & Sons (Market Harboro’) 


Ltd. 
Standard Telephones & Cables Ltd. Cover i, 


35, 83 and = 
Steatite Insulations Ltd. as 
emg & Porcelain Products Ltd. .. HH 
Su Ltd., William iy - — 
Sullivan Ltd., ,, ee by -. a 
Superflexit Ltd. 86 
Sutton Coldfield Electrical Engineers 127 
Symons Ltd., H. D. 1 


T 


Teleonics Ltd. ca 

Telephone Manufacturing ‘Co. Ltd. 
Tetra Engineering Co. d. Re 
Thomas (Richard) & Baldwins Ltd. .. 
Thorn Electrical Industries Ltd. - 
Transradio Ltd. 120 and 
Twentieth Century Electronics Ltd. 


United Insulator Co. 


Vv 


Vacuum Industrial Applications Ltd. 
Veeder-Root Ltd. ‘ 
Venner Accumulators Ltd. 


w 


Walters 


Ltd. 


& Son Ltd., Austin 
Webber Ltd., R. A. . 
Webb’s Radio... = - 
Welwyn Electrical Laboratories 
Wilcox & Co. Ltd., Edward 
Wilkinson, L. be 
Wilkinson's Tools Ltd. 
Woden Transformer Co. 


Ltd. 


Ltd. 





JOSEPH SANKEY & SONS LTD 


BILSTON STAFFORDSHIRE 





London Office 


168 REGENT ST. LONDON W.1 


aa, 


Europe’s largest 


manufacturers of 

















laminations 





hol, 


AAA}, 


ds, Ltd., 





Printed in Great Britain by The Press at C 


Strand, W.C.2. 


Registered for Tr 





Surrey, for = Proprietors, Morgan Brothers (Publishers), Ltd , 28, Essex Street, 
dian Magazine Post 
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Like Archimedes, Dr. Frittertime puts in some good 
work in his bath. The idea of the ceniury pops up 
twice a week, and in a flash and a towel Dr. 
Frittertime’s on the line again—but ii’s not always 
the right century. 


Progress is so swift in elecironics that today’s brain- 
child may aiready be someone else’s baby—your 
embryo design may be in production elsewhere, 
maybe at Solartron. If you can use really reliable, 
up-to-daie electronic test equipment, give us a ring 
before you try to design it yourself. 

This versatile, high stability Twin Regulated Power 
Supply could be the answer to your power proolems, 
and it’s ready for you today. 

Write now for full details to :—Dept. E.3, 


BRIEF SPECIFICATION OF THE SRS.152 
D.C. Output Parallel 
Condition : 0-500 volts + ve or — ve, 0-300 m/a 
D.C. Output Series 
Condition : 0-1000 volts + ve or — ve, 0-150 m/a 
OR 0-500 volts + ve and 
0-500 volts — ve. 
Stabilisation : 0.2% fora + 10% mains input change 
Ripple : Less than 10 millivolts. 
A.C. Output : Two 6.3 volt outputs at 5 amps 


SOLARTROW ELECTROMIG GROUP LTD. 


RELIABILITY--COSTS Queen’s Road, Thames Ditton, Surrey. 


UNDER OUR |I2 MONTHS’ 
GUARANTEE HAVE NEVER 


Telephone : Emberbrook 5611. 


EXCEEDED 0.2% OF SALES Cables : Solartron, Thames Ditton. 
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FOR EVERYTHING TO 


Ersin Multicore—the most widely used solder 
in the radio, television and electronic industries— 
ts supplied on 7 tb. reels for factory use in six 
alloys and nine gauges from 10 to 22 s.w.g. 
Finer gauges are supplied on 1 Ib. and 4 tb. reels, 
Ersin Multicore Solder is approved by A.LD., 

A.R.B. and G.P.O, It fully meets U.S. Federal 
specifications. 


COMSOL ALLOY. Silver/Tin/lead, Made by 
arrangement with Johnson, Matthey & Co. Lid., 
of Hatten Carden, this type of Ersin 
Multicere Solder provides a high melting point of 
296°C. and ts. particularly suitable for those 
soldering processes where a cored solder is 


required with a melting point well in excess of 


thease normally associated: with soft solders. 





containing valuable infarmation on 
melting points, standard gauges, con- 
stitution of alloys and the use of solder 
will be. gladly sent to laboratory en- 
gineers and technicians applying on their 
firm's official notepaper. 





SIZE 1 CARTON 
3}- each (subjech) 
in 4 specifications. 





i Cataloeue = Altoy 
+ Rel. Nay Tie! Lead 


C1614 6040 
tele 60/40 | 


sg oe length} 
SSWEG: rearton. 











eg: Radio. = Beats San vice 
Engineers. - 15/- each subject} 





ip RNR 


A revised edition of ““ Modern Solders ” 


Component manufacturers are advised 
to use Multicore Activated Surface 
Preservative, P.C.10. . This: material, 
which is already being used by manu- 
facturers of printed circuits, ensures 
that wires and tags will not become 
oxidised during storage. Pull details and 
prices sent on request, 


Engineering staffs interested in soldering 
processes for printed circuits are invited 
to write, on their firm’s notepaper, for a 
copy of Multicore publication P.C.b. 101 
which gives full details of the Multicore 
material supplied for the © efficient 
soldering of printed circuiis, 


These nickel-pisted brass. Splicers enable 
tecording: tape: tobe joined ‘easily: and 
accurately so that no breaks or * clicks * 

occur in the recording: hee Sonate have 
been edited or joined: prehensive 
leaflet ts supplied: aheveny | ioe 18/6 
each (subject) Sendstampad addressed 


70, 
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DO WITH SOLDERING 


Ut bat 


Solder is now 
5 cores of flux unless 
The 


construction guarantees a 


Ersin Multicore 
supplied with 
otherwise ordered. 5-core 

con- 
tinuous flux stream and, as_ the 
cores of flux are situated near the 
circumference of the solder wire, 
the flux is liberated as soon as heat 
is applied, cleaning surface oxides 
at great speed. The thin solder walls 
melt quickly and the soldering 
iron need only be applied for a 
This the 


possibility of damaging components 


short time. reduces 


through overheating them. Ersin 


Multicore 5-core Solder is so fast 
that economies can often be made 
by using an alloy of lower tin 


content. 


These handy “nickel 
Plated tools strip insula- 
tion -withont ‘nicking the 
wire, cut wires cleanly and 
Split extruded twin flex. 
Adjustable to mast wire 
thicknesses by the tart ofa 
screw. They save: hours “of 
time and irritation. 3/60 each 
tsubjech): 


envelope to DeptoRE; for heer! feafiet 


On tape editing: 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. 


(BOXMOOR 3636) 
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